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PREFACE 


Maky books have been written concerning the life ami work of 
Faraday, but none of these has given more than passing mention 
to his laborious researches concerning the preparation and proper¬ 
ties of alloys of steel during the years 1819 -1824, The reason for 
this is not far to seek, Faraday's work in this field was far in 
advance of the needs of his times. Certain of his alloys were tried 
on a practical scale, but there was then no general demand for the 
properties of which alloy steels are capable, and the general state 
of metallurgical knowledge and practice was such that steelmakers 
could not readily continue the great work which Famdav had 
commenced. 

From the time when Faraday discontinued his researches until 
the present time that is, an interval of some 107 years—no one 
hod, so far as the author is aware, siifajcc $gd_ lhc surviving specimens 
of his ‘“steel and alloys anymore lluju. general inspection. 
Thanks to the Vjyi tte* Managers of the Royal 

Institution and the Director of the Science Museum, South 
Kensington, in regard to the specimens in their charge, the author 
has been enabled to subject those specimens to full and complete 
examination and analysis by the resources of a modern research 
laboratory. The results of that investigation are presented in this 
volume as a contribution to the history or science and as a tribute 
to the work and fume of Michael Faraday, probably the greatest 
experimental investigator the world has ever known. 

In the light of his own fifty years of metallurgical experience, 
largely concerned with alloy steels during the whole of that period, 
the author claims that the results of the research presented in this 
book definitely establish that Faraday was the first to engage in 
systematic research concerning the preparation of alloys of steel. 
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Also, regarding the mutter broadly and without consideration of 
immediate practical applications, Faraday may justly lie called tlie 
pioneer of alloy steels, The complete examination of the sur¬ 
viving specimens of his alloys, which lias now been made for the 
first time, shows tliat they anticipated in a remarkable maimer 
the facts and principles on which the present enormous develop¬ 
ment of alloy steels Is based. 

In the coutsc of his investigation of all the circumstances attend¬ 
ing 1-aridity's work on steel and alloys, the author found it neces¬ 
sary to go far and wide in the literature and documents of the past. 
Many facts of interest emerged and, as fares practicable, these have 
been embodied in the present work. Nothing in the way of a 
complete biography has l>ccn attempted. That task has already 
been ably performed by others. The author has, however, traced 
some of the events of Faraday's earlier years which doubtless 
attracted him to the research on steel and alloys. Information 
has been collected, too, in many instances with great difficulty, 
concerning those with whom Faraday came hi contact before and 
during the period of his steel researches, specially as regards their 
influence on that work. The state of previous knowledge con¬ 
cerning ferrous metallurgy is reviewed, together with the sequence 
of events leading up to the “ first and must laborious ” of Faraday's 
major researches, that on “ steel and alloys," to use his own 
expression. 

The facilities at Faraday s disposal and the methods he employed 
are Fully described, Ins own words being quoted in many instances 
in order that the conditions under which he worked may be clearly 
understood, and an accurate appreciation obtained of his aims and 
methods. Following this, a. detailed account is given of the 
author's researches on the specimens preserved in Faraday's box 
at the Royal Institution. In this connection the author is indebted 
to the Council of the Royal Society for their kind permission to 
reproduce information first published in his paper, entitled “ A 
Research on Faraday’s ‘Steel and Alloys”' (Phil. Trans. A., 
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VoL 230, September, 1931). A full at count is also given of the 
author's researches on a further group of specimens preserved m 
the Science Museum, and a number of historic razors of special 
interest in connection with Faraday T s work. In the concluding 
chapters of the book, the author presents a general appreciation of 
Faraday^s metallurgical researches* and an account of the later 
developments in alloy steels down to modern times. 

It is questionable whether there has ever before been mi oppor¬ 
tunity of examining in the light of modem knowledge a number 
of century-old specimens in any way comparable in interest and 
importance with Faraday^ 11 steel and alloys/ 1 ' The author 
believes that this sentiment will be generally endorsed, and lie 
offers his heartiest thanks to all those, mentioned more fully in 
the course of the book, who have assisted him in the laborious but 
fascinating investigations which the research hm involved. His 
special gratitude, and, indeed, that of the w hole world of science, 
is due to those who granted permission for the specimens to be 
examined. This broad-minded attitude might well be copied by all 
who are in charge of relics of the past* for without it the achieve¬ 
ments of our predecessors cannot be accurately assessed, and much 
knowledge may be lost. 


ROBERT A. HADFIRLD* 
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41 The metAls in use in old times were obtained, almost by accident— 
either pure from the hands of nature or by the rudest and simplest 
workings, 

" But, excited by the result of their labours, and by a rude perception 
of the important ends to he obtainedj men would, in, the course of years, 
not only have their cariosity, hut their interest engaged in the pursuit ; 
and. improved by the experience of post ages, we find tile alchemists 
and their followers* in sopite of the self-created obscurity which sur¬ 
rounded them* still Frequently successful in withdrawing from the 
concealed stores of nature new metallic wonders, and giving to mankind 
nt one time amusing, at another useful, information. 

“As the views of men became clearer, as their growing means con¬ 
tinually improved by practice in their hands, new individuals were 
added to the metallic species, and each addition drew forth applause 
for the genius of the discoverer, and for Ills contribution to general 
chemical science,’ s —F abaday, in his Sixteenth Lecture on Metals 
before the C ity Philosophical Society in 181$. 
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FARADAY AND HIS 
METALLURGICAL RESEARCHES 

WITH SPECIAL REFERENCE TO THEIR 
BEARING ON THE DEVELOPMENT 
OF ALLOY STEELS 

CHAPTER I 
INTRODUCTION 

Faraday, a Great Experimental Philosopher 

Undoubtedly Michael Faraday was one of t fie greatest experi¬ 
mental piiilu iplu rs t ] ie world has ever known, E n t i re ty free fr< t m 
any thoughts of personal gain, and ever seeking truth for truth's 
sake, he was content with the simplest necessities of life. From 
early manhood until his closing years, he made one discovery after 
another, some being of such importance that vast industrial 
enterprises have since arisen from them. Almost the entire 
electrical industry of to-day is founded on his discovery of the 
phenomenon of electromagnetic induction. From the standpoint 
of its material consequences, this was probably the most important 
of all Faraday’s discoveries. It is certainly the one with which his 
name is instinctively associated by most people, and the centenary 
of this discovery has been marked by celebrations on a magnificent 
scale. 

Though the discovery of the action and lows of electromagnetic 
induction was probably the most important of Faraday’s dis¬ 
coveries from the standpoint of modem industry, it must not be 
forgotten that it was by no means the only remarkable achieve¬ 
ment of this great British scientist. If he had made no other 
discovery, Faraday would still deserve to be remembered as one 
of the greatest benefactors of the human race, but, on the other 
hand, if he hud never experimented with electricity his name would 
still be honoured Tor his chemical discoveries, Tiic truth is that 
Farudav made many discoveries any one of which would have 
established his reputation as a distinguished scientist, but so 
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greut h bis fame in the electrical field that his other work is apt 
to receive less than a fsiir share of appreciation. 

This is specially the case where Faraday 1 ^ metallurgical work is 
concerned. To many it will come as a surprise to learn that 
Faraday ever carried out metallurgical researches; in fact, it was 
his first real research, and occupied a considerable portion of his 
time and energies during the period 1319 to IL824. Others, 
acquainted with the bare fact that he investigated steel anil 
alloys t? in his early days, may have subscribed to the words of 
the biographer who sail] that these researches iL ended fn nothing/ 1 
Any such conclusion cm only l>e based upon a failure to appreciate 
what Faraday actually accomplished, first in planning his systematic 
i ti vestigat son i fI" an extensive series of steel alloys* and then in 
making such alloys with comparatively primitive resources and 
practically nothing in the way of earlier knowledge to guide him. 

Faraday the Ploxeer of Research on Special Steels 

Tt is the object of this book to deal with Faraday's earlier 
years and his metallurgical researches as fully and thoroughly 
as possible. This lias not been done Ix-fure, and the work of 
collecting all the available information has proved 1m he unex¬ 
pectedly difficult. At the same t ime, it has been of fascinating 
interest both as regards the search for documentary evidence and 
the complete examination of a large number of specimens of steel 
and alloys actually made by Faraday himself during the |>eriod 
alxmt 1319-1824. In the course of the investigations it has been 
necessary to trace the part played by quite a number oi r persons 
with whom Faraday came into contact during the early years of 
the nineteenth century, and this has greatly widened the scope of 
the work* while adding much to its interest. 

After full examination of all the evidence, contemporary and 
otherwise, and after the most complete investigation of Faraday's 
specimens, the author has no hesitation in claiming that f although 
others played tbejr part, Faraday held the centre of the stage 
throughout these early researches and that Faraday was* in fact, 
the first to conduct systematic researches on alloy steels. 

Faraday s elec trumagnetic d iscoveries h uve largely ov ers luidowed 
his other work* and tins is specially the case &o far as his researches 
on alloy steels are concerned. Yet the author believes that Faraday 
might be termed the Pioneer of Alloy Steels as justly as he is termed 
the Father of the Electrical Industry, It was many years before 
his electrical discoveries were applied on a commercial and 
industrial basis, and even then this application was made not hy 
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Faraday* but as the result of the labours of many other workers 
based on the fundamental facts and principles which he had dis¬ 
covered. The situation as regards alloys of steel was very much 
the same Fin far as Faraday was concerned. He visualised the 
possibility of such alloys and foresaw their potentialities. He 
succeeded in making a large number of new alloys in the face of far 
greater manipulative difficulties} be it noted, than any he hail to 
overcome in discovering electromagnetic induction, 

Faraday was the first to plan and, within the limits of practica¬ 
bility at- that time, to carry out an organised research on the manu¬ 
facture of a scries of alloys of steel. Ilud others been fired by the 
possibilities of alloy steels as they were by his electrical discoveries, 
there might well have lieen a more rapid development than 
actually occurred. 

In fairness to his contemporaries and those who followed 
immediately after them, it must lie admitted that the discovery 
of n new phenomenon—that of electromagnetic induction—was 
much more attractive as a subject for further research than the 
problem of improving a well-known material. Also, cast iron, 
wrought iron and high carbon steel met ah the requirements of 
those days, and there was certainly no incentive such as exists 
to-day to meet the demand* of engineers for materials with special 
physical properties. At the same time, it la clear that Faraday 
realised the desirability of investigating the alloying nf steel, and 
he undoubtedly started in the right direction. If others had 
followed him promptly we should not have run the risk of forgetting 
that he was the pioneer* 

Faraday’s Metallurgical Pacers 

A classified numerical summary of Faraday’s papers, prepared 
from the Royal Society catalogue of scientific papers, Vol. II., 
1 SGH, reveals some interesting facts. Altogether Faraday published 
158 papers independently, and four jointly with others. About 
one-third of these were on electrical subjects, the exact distribution 
being as follows :— 
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The first of these papers was on the “Analysis of Native Caustic 
Lime of Tuscany,” published in the Quarterly Journal of Science, 
\ o|. 1.1816, and the last on “Gas Furnaces,* 1 published in the 
Proceedings of the Royal Institution, VoL HI., 185&-1862. By their 
number, quality and great diversity of subject-matter, these papers 
are a worthy memorial to their illustrious author. Those in which 
we arc specially interested for the purposes of this book are Jus 
metallurgical papers, few in number, but of great interest and a 
high degree of excellence, considering the state of knowledge at 
the time when they were written. 

Faraday s live papers on ferrous metallurgy were ; _ 

“ Separation of Matigancso from Iron,” Quarterly Journal of 
Science, VoL VI. t 3810. 

“An Analysis of Wootz or Indian Steel,” Quarterly Journal of 
Science, VoL VII., 1819 . 


“ Experiments on the Alloys of Steel made with a View to its 
Improvement,” Quarterly Journal of Science, VoL IX., 1820. 

Letter to De La Rive regarding his Steel Experiments,” 
June 26th, 1820, Rik Univ. den Sciences, VoL XTV., 1820, 205 - 215 . 
On the Alloys of Steel,” Phil. Trans., Tart I., 21-8-1822. 

Of these, the third and fifth were in collaboration with James 
art, while the letter to De La Rive was mainlv a summarised 
account of the researches described in the Royal Institution paper 
1822 ’ there ' vas 110 metallurgical paper excepting 
t , J 3 * J “Lmum," presented in 1861 and published in the 
Jr. /. Prac. t VoL ITL 

The two papers on steel alloys, presented to the Royal Institu¬ 
tion and the Royal Society respectively, were undoubtedly the 
most important of Faraday’s metallurgical communications. 

J bough for reasons explained later they were published in colla¬ 
boration with James Stodart, they may fairly lie regarded as 
f arariay a own work so far as the conception and presentation of 
the research and the preparation of the alloys arc concerned. 

A full list of the papers on metallurgical subjects bv Faraday 
alone, b tod art alone, and Faraday and Stodart jointly is given in 
the Appendix. As there shown, Stodart himself wrote four papers 
between I802and 1805, but apart from the joint ones with Faraday 
there were no further papers communicated by him to the Roval 

subjects° n * thL RO>il1 SOCiety reiaf ™£ to metallurgical or other 


It will be seen that Faraday’s metallurgical researches were 
almost exclusively in the ferrous field. Apart from the above 
mentioned paper on platinum, he delivered the Bakerian Lecture 
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on " Experimental Relations of Gold and cither Metals to Light 11 
{PkiL Trans. t VoL I ±7, 1857), and, strange to say, his last public 
lecture at the Royal Institution, on June 2Gth, 1882* had a general 
bearing on metallurgy, for he then described, and in the most 
able manner, the regenerative gas furnace introduced and developed 
by Sir William Siemens* F.R.S* Thus in the latest as well as the 
earliest days of his active career Faraday was keenly interested 
in metallurgy and its problems. Rut for the claims made upon 
Ids time and energy by his electrical and other researches he would 
doubtless have done much more in the metallurgical field, A 
striking instance of his attitude towards metallurgical investiga¬ 
tions and scientific work in general is to be found in a letter which 
he addressed to Mr. E. Sous tad t on June £7th f 1863, when acknow¬ 
ledging the receipt of some samples of magnesium. In tills letter 
Faraday said ; AE It is not as yet time to ask after its (magnesium^) 
probable uses ; but we may be allowed to hope for an abundant 
development of them. What scientific perfection was ever 
investigated without present Lug such uses sooner of later ? T * 
Therein lies the spirit of true scientific inquiry : and of alloy steels 
in particular it may truly be said that no scientific perfection was 
ever investigated without presenting uses sooner or Liter. 

Faraday’s “ Steel and Alloys ” 

This book could not have been written in its present form Imd 
it not been possible first to examine thoroughly a large number 
of the actual specimens made by Michael Faraday himself. In 
fact, it would hardly have been permissible to put forward the 
claims which the author makes concerning Farad ay f s work on 
steel and alloys unless these claims could l>e supported by material 
as well as documentary evidence* 

Fortunately, Faraday packed some seventy-nine specimens in 
a box, which he labelled : 

“ Steel and Alloys 11 
“Faraday 11 

in his own handwriting. There can be no doubt that these 
specimens were made by Faraday in the Royal Institution building, 
and there they lay for over a century until, by a happy combination 
of circumstances, explained in a later chapter, the author w ? as 
fortunate enough to secure permission to examine the specimens 
by chemical analysis, physical and mechanical tests and* in fact, 
by all the resources of a modem research laboratory. 

It is the author's object not merely to describe the circumstances 
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of Faraday’s research, the methods and equipment which he used, 
and the coni position and properties of the various steel alloys 
which have lain almost unnoticed at the Royal Institution since 
Faraday made them more than a century' ago, but also to show 
that Faraday “ hnilded better than he knew.” Altogether some 
twenty different elements and other substances arc mentioned by 
Faraday in connection with his preparation anti examination of 
steel alloys. This was his first research work of any considerable 
magnitude, and he was engaged upon it dviring the years 1S10 to 
18!M inclusive. Some of his biographers have questioned the value 
of his metallurgical work, but, writing as a metallurgist himself, 
and after a most exhaustive examination of Faraday's papers, 
specimens and other evidence, the author claims that Faraday’s 
work on steel alloys was of the highest order, having regard to all 
the circumstances. It certainly deserves to rank with his other 
better-known major researches. 

Michael Faraday began the investigation of alloys of steel on a 
much broader basis than any earlier worker. He was, in fact, the 
first to conceive and put into effect the idea of a really comprehen¬ 
sive investigation of the possibility of alloying steel with various 
elements, followed by the examination of the properties of the 
alloys formed, Some sixty years later it was the author's privilege 
to start independently on the same line of investigation and, 
thanks to the better facilities available at the later date and the 
wider opportunities for using alloy steel once they had been 
discovered and made, there was no cheek or hiatus after the author’s 
discovery and invention of manganese steel such as that which 
followed buraday's work. The fact remains, however, that full 
credit, is due to Faraday for initiating research on special steels. 
His " steel alloy sense ' was right, its is proved by the remarkable 
diversity and inestimable importance of the special steels now 
employed in almost every phase of civilised existence. 


CHAPTER II 

FARADAY S RISE TO FAME 

The tale of Faraday's life has often been told* specially as regards 
Hie incidents of Ills career from the time of his first electrical 
discoveries. Obviously* this is not the place in which to attempt 
anything jn the nature of a fresh complete biography* even were 
such possible. In the course, however, of hi* investigation concern¬ 
ing Faraday's work on steel alloys and the circumstances which 
led to it* Lhe author lias come across a great deal of information 
which may usefully be presented. Much can be learnt from the 
details of Faraday's earlier years, and much too from the tributes 
of his friends. By studying these we can kam mure of the admir¬ 
able qualities of Faraday the man, and understand better how lie 
came to work with such patience* industry and success on the 
intricate problems of steel alloys. 

His Humble Origin* and Ancestry 

Faraday was born at Newington Butts* neur the Elephant and 
Castle* London* on September 22nd* 1701* and passed away at 
Hampton Court on August 25th T 1867. His father* James Faraday, 
was a smith* and Michael's brother Robert started work as a 
smith and ended as a gas-fitter. His mother had only a rudimentary 
education, and was never able to enter into the pursuits of her 
brilliant son* though she had the greatest pride in lus attainments. 
There was nothing to explain Faraday's genius either by heredity 
or by the environment of his childhood ; in every way it may be 
said that he 11 rose from nothing* 11 and lib life thus offers much 
encouragement to others who may start with no special advantages. 

There was never any feeling of shame on Faraday's part concern¬ 
ing his humble origin. On the contrary* he remained in continual 
touch with the less distinguished member* of his family throughout 
hb life and, from his own words, it is clear that he retained a special 
affection fur the useful trade of smithing* In 1841, when Faraday’s 
health bruke down and he was in Switzerland, he wrote : il Clout- 
nail making goes on here rather considerably T mid is n very neat 
and pretty operation to observe. I love a smith's shop and any¬ 
thing relating to sinithery. My father was a smith/ 1 Though 
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there is no direct evidence on the point, it is within the bounds 
of possibility that Faraday actually forged the ingots of steel 
"which he made at the Royal Institution into bars. If he did not 
do so, it would he lack of facilities rather than any lack of interest 
or manual dexterity that prevented him. 

iaradiiy s father moved to London from Yorkshire shortly 
after his marriage in 1780. and though Michael was bom in London 
arid remained in Lhe Metropolis practically all his life he was a 
Yorkshire man hy descent, and often referred happily to his 
Yorkshire ancestry. There is no evidence that lie ewer visited 
Sheffield, where his larger-sized Jots of alloy steels were melted 
and prepared, and where his silver steel 11 and other alio vs 
appear to have found some practical application for a time, but it 
is interesting to note that he was elected an honorary member of 
the Sheffield Literary and Philosophical Society on November 1st, 
181-I. that js, some twenty years after Ills interest in steel alloys 
had censed, and when his reputation as nn experimental philosopher 
hod reached its zenith. 


Derivation of the Name Faraday ,—The author is indebted to 
Mr. W. Bnmard Famday, the great-nephew of Michael Faraday, 
for the following information. It appears there arc no genealogical 
records of any certainly earlier than 1708. At that date" the 
name was spelt *' [faraday, and there is a mention in the parish 
register of Clnpham, Yorkshire, of Richard ffaraday, who is 
described as a stonenmn and tiler, and must have held some extent 
of land in freehold. Probably he was some thing of a sheep farmer, 
as the name appears on the Ordnance map of Faraday Chyl, some 
way up on the moors towards Rowland Forest, Though known 
Written records go back only to the beginning of the eighteenth 
century, there is a tradition banded down through various 
tranches of the family that Lhe family or some member of it 
came to England from Ireland by way of Whitehaven at some 
tune m the fifteenth or sixteenth century. The name Fereduv.” 
or Furriday, or “Farrady ,T is not uncommon in Ireland, and 
the or^ma 1 spelling of “ ffaraday” and the constant recurrence 
ot the Christian name Michael lend further support to the tradition 
oi an Irish origin, 

I t is an interesting fact that the family had a private graveyard 
, . thar f>n Newby Moor, near Settle, probably ow ing to their 

Ki^jl Sand ™ iafl P trsuaii " n - The congregation at 
K Stt P h ™* of which the grandfather of Michael Faraday was 
? leading member, was established in 1763. but the grav eyard was 
in the possession of the family before tlmt date. 
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Early Education 

From Newington, Michael's father moved to Jacob's Well 
Slews* Charles Street* Manchester Square* when the boy was five 
years old, and there the family lived in rooms over a coach house. 
Little is known concerning the ensuing years of Faroe lay ! s youth 
beyond the fact that they seem to have been spent in the ordinary 
way common to children who have humble homes and the streets 
for a playground. Faraday himself said My education was of 
the most ordinary description, consisting uf little more than the 
rudiments of reading, writing and arithmetic at a common day 
school* My hours out of school were passed at home and in the 
streets.” 

At the age of twelve he went as errand boy to Mr* George 
Ribcau, bookseller and bookbinder, of 2, Eland ford Street, near 
Jacob's Wdl Mews, and one of his duties was to deliver and collect 
the newspapers lent out by bis master* A year later he was 
indentured as apprentice to the same worthy man, and served his 
term of seven years with all distinction as an able and willing 
worker. Here began his scientific education and, in a letter 
written to Professor A, A* de la Rive* F.R.S., in I8i>S ( on the 
death of Mrs* Marect, he says : 

ss Your subject interested hie deeply in every way, for Mrs. Market 
was a good friend to me, as she must have been to many of the; human 
race* 

LL 1 entered the shop of a bookseller and bookbinder nt the age of 
thirteen in the year 1804, remained there fight years, arid during the 
chief part of the time bound book:-;, 

l= Now it was in those books in the flours after work that I found the 
beginning of my philosophy. 

li There were two that especially helped me, the I-'rmjrfopadia 
Britanmca, from which I gained my first notions of electricity, and 
Mrs. Marcet r 5 Cunrersatitm# on Chemistry> which gave me my foundation 
on that science.” 

Here we have a clue to the sources which first directed his atten¬ 
tion to electro-chemical investigations. From the Encyd&p&dia 
Britmnim he gained his first notions of electricity, and from 
Comer&atiojis on Chemistry his foundation in that science. By the 
year 1812 he was conducting successful experiments in electrolytic 
decomposition, using home-made voltaic piles* and writing to his 
friend Benjamin Abbott on the subject with a remarkably clear 
appreciation of the phenomena which he bad observed and the 
deductions to be drawn from them. 

“ Do not fancy* Sf he says* however, in the same letter to de la 
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Rive, bfc that J was ra profound thinker or a precocious child; I 
had merely a guod deal of life and imagination, and the tales of the 
Thousand and One Nights pleased me as much as the Encyclopedia 
Britanulm. You may therefore easily imagine the pleasure I 
experienced when I subsequently made the personal acquaintance 
of Mrs, Marcet, and how delighted I was when my thoughts went 
backward tu contemplate in her at once the past and the present. 
Whenever 1 presented her w ith a copy of my memoirs 1 took care 
to add that I sent them to her as a testimony of my gratitude to 
my first instructress.” 

" * have the same sentiments towards the memory of your own 
father, ’ acids Faraday, for he was, 1 may say, the "first who 
encouraged and sustained me p first at Geneva, when 1 had the 
pleasure of seeing him there,* and afterw ards by the correspondence 
which 1 regularly maintained with him.” 

It would be difficult to find a shorter passage which throws more 
light on Faraday f s early education, commencing with the day 
school and going on through self-tuition by reading and experiment 
to personal contact with leading scientists of the day. 

Rkuinning of Faraday^ Scientific Work 

It is evident from his letters to his friend Benjamin Abbott that 
Faraday conducted many electrical experiments with home-made 
appliances during the later year® of his employment with Mr. 
RibenUj the Imokbinder. While he was in this service he gained 
the acquaintance of Mr, Bailee, a Member of the Royal Institution, 
and one of his master's customers. Mr* Dance's sympathy was 
evidently aroused by Faraday's interest In scientific studies and 
by the electrical apparatus which he had made, and this led to Mr. 
Dance taking Faraday to hear some of Davy's lectures at the Royal 
Institution. 

of Devy't Lectures.- This was the turning point in Fara¬ 
day’s career, His enthusiasm fired by the interest and charm of 
Davy's lectures, the young man wrote out a verv full account of 
four Of these lectures, dealing respectively with Radicnt (sic) 
Matter, Chlorine, Simple Inflammables, and Metals. His manu¬ 
script, consisting of 3Sfi semi-quarto pages, written in his clear 
strong script, is still in existence at the Royal Institution, and 
bears the title; 
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FOUR LECTURES 
being part of a course on 
the dements of 
CHEMICAL PHILOSOPHY 
delivered by 
Sir H. Davy, 

LL.D., See- R-S., 

F.R.S.E., M.R.I.A., Ac, te¬ 

at the 

ROYAL INSTITUTION 
and taken off from notes 
by 

M. Faraday 
1812 

Faraday was, at this time, twenty-one years of age, and Davy 
thirty-three years old. 

Having completed the transcription of his notes, Faraday 
submitted them to Davy with a request fur employment at the 
Royal Institution in any capacity connected with science. Davy 
took counsel with Pepys, unc uf the founders of the Royal Institu¬ 
tion. ami himself a scientist. After showing Fepys the letter 
received from Faraday, the decision Davy arrived at was as follows: 
“ What shall wc do w ith this young man, shall we put him to wash 
and clean the chemical lalxiratory glasses and buttles ? If he is 
good for anything he will do this willingly, if he refuses then he is 
good lor nothing.” Happily Faraday accepted. In 1813 he began 
his association with the Royal Institution in this humble capacity, 
hut within a few years he won international recognition as one of 
the leading chemists of the time* 

Continental Taint ant> Visits 

Having been so fortunate as to secure employment in the Royal 
Institution amidst surroundings and under conditions which 
offered ideal opportunities for his genius, Faraday was yet more 
fortunate in having, almost at once, the further advantage of 
accompanying Sir Humphry Davy on the famous Continental 
tour which included many of the principal centres of learning 
and many of the foremost scientists of those days* 

The travellers left this country on October 18th, 1818, and were 
absent about eighteen months, visiting France, Switzerland and 
the Tyrol* They landed at Deal in April, 1815, on their return, 
and Faraday, who had set out as little more than Davy’s personal 
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attendant and amanuensis, Linne liuck really well equipped with 
knowledge and conversant, at any rale, with the work of many 
great men who hud discussed their problems with him. 

Faraday's Impressions as Recorded in his Journal. As he wrote 
in a letter to Mr. R. C. Abbott from Geneva, on August Oth, 
1814 : “ During the time I have passed from home, many sources 
of information have been opened to me, and many new views have 
arisen of men, manners and things, both moral and philosophical. 
The constant presence of Sir Humphry Davy is a mine inexhaustible 
n| knowledge and improvement ; and the various and free conversa¬ 
tion of the inhabitants of those countries through which I have 
passed has continually afforded entertainment and instruction." 

Ihc Journal which Faraday kept during liis Continental travels 
gives a remarkably minute description of things he saw and full 
details regarding navy’s scientific work. It is evident from his 
first entries that 1'araduy started with no illusions as to the possible 
hardships and dangers of travel in a foreign and hostile country. 
This was on the eve of Napolcoti's disastrous defeat at Leipzig, in 
the year before Waterloo, and Faraday bears witness to the many 
perils and discomforts of travel in those days. 

Week by week, as the journey progressed, one can trace in the 
Journal the rapid growth of Faraday’s scientific knowledge, 
specially as he remarks in more than one place that “ I write down, 
t>e they or bad, or however imperfect, my present impressions.” 

We read of his delight at string a glow-worm for the first time ; 
of his disappointment with the streets of Paris; of his meeting 
Ampere. Clement and Desormes ; of his witnessing experiments on 
iodine; of his crossing the Alps; of experiments on dec trie 
gymnotus, and burning diamonds by solar heat (platinum was 
melted at the same tune); and of his visit to Vesuvius. 

I is it to I csuruis .—This event clearly' exercised a great effect 
upon his mind, for Faraday devotes many pages of his Journal 
to describing the volcano and its surroundings. Visits to the 
crater were made by day and by night, and Faraday obtained 
rlose views of the flames and molten lava. He must often have 
thought of these experiences in later years when melting steel and 
preemus metals in his “ blast furnace,” and it is not impossible 
lhat his observations on the Grand Duke of Tuscany’s burning 
glass and the crater of Vesuvius, together with his visit to the 
Ilow ais ironworks after his return to England, had a material 

effect m stimulating his interest in furnaces—an interest which 
lasted all his life. 

1 mi t0 Dmctais iron Works.— Faraday’s visit to the famous 
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ironworks at Dowlais, to which reference has just been made, is of 
special interest in relation to his metallurgical researches. This 
visit took place on July 12th* lSI9 t that is p the same year as 
Faraday *s paper on the analysis of wootz, and the year before the 
iirst of his two papers with Stodart on steel alloys. Clearly he 
was keenly interested in the various branches and applications of 
ferrous metallurgy during this period. As one who loved 11 a 
smith's shop and anything relating to suiithery*'* he would natu¬ 
rally be fascinated by the operations at Dowlais. His own words 
were : 

“After an early breakfast, Monday morning, July 12th, at Cardiff, 
I took a post chaise and proceeded on to Merthyr. 

44 Eji the afternoon I rambled with Mr. Guest’s agent over the works 
at Dowlais* 

11 I was much amused by observing the effect the immensity of the 
works had on me. 

“ The operations were all simple enough, hut from their extensive 
nature, the noise which accompanied them, the heat, the vibration, the 
hum of men, the hiss of Engines, the clatter of shc&ra, the fad of masses, 
I was so puzzled I could not comprehend them except very imperfectly. 

“ The mind was drawn to observe effects rather for their novelty than 
for their importance, and it was only when by going round two or three 
times I could neglect to listen to sounds at first strange, or to look at 
rapid motions, that I could readily trace the process through its essential 
parts, and compare easily and quickly one part with another.” 

Whatever his own practical attainments as a smith may have 
been, it is clear that Faraday had the advantage of a clear 
conception of the processes of iron-working when he embarked 
on his metallurgical researches. 

Faraday as a Chemist 

For many years Faraday regarded himself simply as a chemist, 
and so many and important were his discoveries in the held of 
chemistry that if he had made no other he would stiU be revered 
ns a great chemist. Actually his chemical discoveries were subse¬ 
quently overshadowed to a great extent by his even more momen¬ 
tous researches in other Helds. Nevertheless, Faraday was a great 
chemist, and it must ever remain a marvel how he accomplished so 
much in the chemical and metallurgical fields with so little in the 
way of systematic early training. As we have seen, his earliest 
knowledge was gained by reading books which came to his master's 
shop when he was a bookbinder's apprentice. 

Armed with no more than a patchwork of miscellaneous know¬ 
ledge accumulated in this way, but recommended by his enthusiasm 
and by his painstaking transcription of notes taken from some of 
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Sir Humphry Davy's lectures, Faraday entered the Royal Institu¬ 
tion in a comparatively humble capacity, 

Effect of His Early Associations at the Itoyal Institution—Ouce 
there, lie had the advantage of continual association with Sir 
Humphry Davy and Professor W. T. Rrandc, and, in due course, 
with Dr. W. H. Wollaston, Dr. J, G. Children, Dr. S. H. Christie— 
all 1 clJows of the Royal Society’—and other leading men. Even so, 
he had little enough in the way of systematic personal tuition. AH 
that he learnt, and it was sufficient to win him enduring fame as a 
discoverer and teacher, was the result of his genius and industry 
applied to making the best of every opportunity, tackling every 
problem on its merits, and preparing information for diffusion to 
others in the Form of papers and lectures, 

Ihcre was no exaggeration in the words which appeared in the 
Chemical News oa August 30th, 1867 : “ A truly great man Is, 
alas! gone from among us, and a man, moreover.' whose place 
cannot be filled. We have great chemists and great physicists left, 
but we have not, and probably never shall have, a Faraday.” The 
superhuman efforts that he must have made to educate himself 
ljore their fruit in enabling him to discover many of the secrets of 
nature, and pass on his store of knowledge to others. One of the 
greatest factors in his education was undoubtedly his Continental 
tour with Davy during the years 1813-1815. In the words of 
Irulessor Silvanus Thompson, “That foreign tour was for 
Faraday what residence at a university is for many other men ; 

and it probably was more to him than university residence is to 
most men of to-day.” 

Chemical Manipulation."—The proof of Faraday’s remarkable 
versatility m chemical knowledge, and his extraordinary skill and 
experience us an experimental investigator, is to be found in Ills 
wonderful book Chemical Manipulation, the first edition of which 
was published in 1827. This work clearly shows that Faraday was 
thoroughly practised in every branch of the chemistry of 'those 
days, and Lls detailed instructions and explanations'reveal his 
distinguishing eharacteristic-that of omitting no precaution 
however small. Referring to this book, Professor A. A. dr ] a Rive 
t wrote, in his memoir of Faraday's lire and works : 

r^r ,rz ? 
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fif experim en batiun F and who had been abk to surmount them in so 
ingenious a manner, should give himself the trouble to describe the 
means which he had employed* so that his experience might be of 
service to others. Faraday was this savant* and his object was com¬ 
pletely attained/ 1 

In 1820, Faraday was appointed Lecturer on Chemistry at the 
Royal Military Academy, Woolwich ; and in lS38 t Fullerian 
Professor of Chemistry in the Royal Institution. Two years later, 
in 1835* be received, on the recommendation of Lord Melbourne, a 
well-merited pension of £800 a year from the Government. 

Primitive Stoic of Chemistry* — In considering Faraday's chemical 
attainments, it should be remembered that the whole science of 
chemistry was then in a comparatively primitive state- Much was 
known concerning the composition of substances and methods of 
preparing them, but quantitative analysis as we practise it to day 
was then unknown. Means had not been discovered of determining 
with any considerable degree of precision all the constituents of a 
compound or mixture, and it was impossible to say exactly what 
elements were present and in what form. In this connection it is 
significant that Faraday nowhere gives a full analysis of his steel 
alloys, though he checked liis products against the measured 
materials put into his crucibles, as explained in Chapter VL He 
measured carefully what he put into his crucibles, but be did not, 
according to the records available, analyse chemically the alloys 
produced. 

Chemical Notation.— Yet another instance of the comparativ ely 
primitive slate of chemical knowledge at that time is to be found 
in the presence, on some of Faraday's specimens of steel, of the 
symbol representing the lanee and shield of Mam, the god of 
war mid iron. This is actually a survival from the days of alchemy, 
when different substances were denoted by various mysterious 
signs and symbols* Probably these were first adopted as a measure 
of secrecy and as part of the magic stock-in-trade of the alchemist. 
How effectively they served such purposes may lie gathered from 
the following symbolic expression of Lavoisier : 

a<5+i 

which, interpreter! into modern chemical notation, becomes simply: 

Fc + ttHjD + 30 1 + 4N A 
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towards the beginning of the nineteenth century* says Profes^oc 
ilernard Jaffe, M.A., of Columbia University t in his interesting 
book Crucibles * Ihc sjirf Achievements of the Great Chemists, 

where he gives the above example* Berzelius introduced the writing 
of algebraic exponents to designate more than one atom of an 
element present in a compound. These exponents were later 
changed by two German chemists, Liebig and Foggendorff, to 
subscripts* These symbols and formulae were first introduced in 
1314 in a table of atomic weights published in the Annals of Fhilo- 
mpkij, but, even ns late as l m2, Dr. Edward Turner, of Union 
College, London, hi the fourth edition of his Elements of Chemistry, 
used these symbols with the apology that he 11 ventured to intro¬ 
duce chemical symbols as an organ of msiruction.” 

Every fresh example of the enormous disparity between the 
scientific knowledge and methods of to-day and those of even a 
hundred years ago comes as something of a shock. The advance 
that inis been made should encourage those of to-day to further 
efforts, and, at the same time, it should increase our respect for 
those who first worked on the road to knowledge. Theirs was a 
difficult task indeed, and made more so by a host of mistaken ideas 
and defective methods. 

Fahatjay + s Metallurgical Work 

fits First Real Research, —Faraday’s researches on steel and steel 
alloys were really the first of his investigations which can be 
described as researches. His earlier papers were small and of 
comparatively unimportant nature. One* published in 1810, dealt 
with "The Analysis of the Native Caustic Lime of Tuscany 
another* in 1819, with £ ' The Separation of Manganese from Iron*” t 
The subject of the latter is of mther special interest, for although 
I nraday s first investigation on iron had direct reference to the 
metal manganese* it is s curious fact that manganese is not to be 
found except as traces in any of the specimens of stetd alloys which 
he left behind him. 

Researches in Ferrous Metallurgy. —His researches and investiga¬ 
tions on ferrous metallurgy may be said to have commenced in 
18 hi with The Analysis of Woota or Indian Steel." J In this 
paper specific mention was made that he was engaged with 
S tod art on the research regarding steel alloys. Then came the two 
important papers jointly with Stodart* vi* + " Experiments on the 

%Q.XA\ + Vo]. I., pjj. 2IK>—2B1* 

+ VtiL VI.. pp. U57— aSA. 
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Alloys of Steel made with a view to its Improvement 11 (Royal 
Institution, 1820),* and 14 On the Alloys of Steel ” (Royal Society t 
1822).f 

From the year 1822, when Faraday was thirty-one years old, to 
the time of his death in 13G7* at the age of seventy-six years, there 
were no other papers by him bearing to any appreciable extent on 
alloys of steel or ferrous metallurgy* It is true that there were 
papers on “Magnetic Relations and Characters of the Metals" 
in 1830 and 184.1 t but these concerned magnetic rather than 
metallurgical investigations; and, in 18Gb there was the paper 
41 On Platinum/ 1 but this had no relation to the question of alloy¬ 
ing platinum with steel. 

Non-fcrttius Metals .—Faraday was much interested generally in 
metals, and paid most attention to Iron, steel and steel alloys.J: 
Resides his paper on platinum, just mentioned, one of his most 
interesting investigations on non-ferrous metals was his examina¬ 
tion of the relations of finely divided gold to lights This was a 
physical rather than a metallurgical investigation, but it brought 
forth some exceptionally interesting information concerning that 
extraordinary ductile metal gold, an ounce of which can be ham¬ 
mered into 750 leaves each about 3 inches square. By pouring a 
solution of potassium cyanide on to a leaf of gold spread on a glass 
plate* Faraday obtained extremely thin films of gold and was thus 
enabled to make interesting observations concerning the behaviour 
of gold to light. Ordinary gold leaf appears green by transmitted 
light* but this changes to ruby red when the attenuated film is 
heated to 310* C. The colour of ruby glass is due to the presence 
of metallic gold in a very fine state of division. 

Thu Period of the Steel Alloy Researches 

This period occurred between 1810 and 1824 Faraday certainly 
continued his researches on steel alloys until the summer of 1824* 
that is, fur some time after Stodart died, as witness the notes in 
his diary referred to on p„ 125, but there arc only a few words 
nf record to be fnnnd subsequent to the Royal Society paper of 
1822. Practically speaking, Faraday's researches on steel and its 
alloys were concentrated into the period 1319-1822* and tu the 
recorded evidence of the large amount of work which he accom¬ 
plished during these years wc may add an unknown amount for 

* Q J.S .. Yd. IX. r pp. BIO—& 30 . 

| PhiL Trims.. Meirrh 21 si; 1 S 22 , pp, 2 J 3 - 270 . 

* Faiadky gave a rflyrv of valuable Ireliinc^ before Use City rbUo^ilLk ul Society 
in is 17 anil ltfis dealing With mriaLi. 

| PhiL Trem , p. 1-§5 h 
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the work done in 1823. Work was still proceeding in 1B2+, but 
there is no evidence that it was on any considerable scale, cither 
as regards number of experiments or the weight of alloys prepared. 

Other Problems than being Solved , —It must not be thought, 
however, that Faraday was ever aide to devote the whole of his 
time and energy to the researches on steel alloys for any consider¬ 
able period. On the contrary, he was engaged more or less 
simultaneously with so many diverge problems that the marvel is 
how he was able to find the solution to any of them. A letter 
which he wrote, in December, 1820, to Miss *Sarali Barnard, whom 
he married later, reveals the strain to which he was subjected: 


“ Royal Institution ; Tuesday evening, 

My Dear Sauait. 

" R is astonishing how much the state of the body Influences the 
the mind. 1 have been thinking all the morning of the very 
i i ig 1 1fill and interesting letter 1 would send you this evening, and 
now I iim so tired, and yet have so much to do, that my thoughts are 
quite giddy, mid run round your image without any power of them- 
stives to stop and admire it, I want to say a thousand kind, and 
believe me, heartfelt things to you, but am not master of words Ht for 
(he purpose ; mui still as I ponder and think on you, chlorides, trials 
oil, Davy, steel, miscellanea, mercury, and fifty olher professional 
luncH* swim before and drive me further and further into the quandary 
ol attipinness. 1 

41 From your alfet-tioruitc 

Si 31 iciueIj. m 


At the date of their marriage, on June 12tb, 1821, Faraday was 
thirty and Miss Barnard twenty-one years of age. 

In the year 1821, that is midway between his two papers on steel 
alloys, when he must have been very busily engaged with the later 
experiments on steel ami alloys, and with the arrangements for 
iriiih on a larger scale at Sheffield, Faraday made his discovery of 
the rotation of u wire carrying an electric current round a magnetic 
pole. This discovery was undoubtedly responsible For Famdavs 
devoting himself more fully to electrical investigations during the 
following years and, from this point of view, it nuty be regarded as 
one or the factors contributing to his abandoning the work on steel 

11 Cl Vi 


As though the researches on steel and the above-mentioned 

W«™V '"i " rrC n0t cnmi & lf ’ 0C(,, Py time and 

,* bamday published, in 1S2I, his important paper on the 

com ensahon of gases, m which he announced for the first time 

“ Sa *f" art ‘ SU *P ] J the vapours of volatile liquids. 

In 182+, faraday was elected a Fellow of the Roval Society and 
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it is interesting to note that his eminence in chemical science was 
made the basis of his nomination paper; this will be found on 
p + 23J* 

Metallurgical Researdt&t Finished in 1824. — From the summer of 
1821 onwards, Faraday does not appear to have pursued his 
investigations rtf steel alloys , and in 1803, owing to his lapse of 
memory, he could nut even tell his friend Dr. Percy what had 
happened to the now famous steei .specimens described in this 
tHJot, or where they could be found. Thus ended the years of 
labour based on such high hopes — in complete forgetfulness of 
where the fra its had been stored ! The fruits themselves are now 
found Lo be of great interest and value, and they contain to-day t 
as they did more than a century ago, the seed from which the 
whole family of modern alloy steels might have sprung. 

Faraday tfte Pioneer of $ ted and Alloys . — Circumstances led 
Faraday into other and, as it happened, more immediately fruitful 
lines of research after the year 1824, and there was none to carry 
on lies steel researches oil his lines. At the time, no one appears 
to have appreciated their possibility and their importance ; and 
it must l>e remembered that there were no immediate needs for 
superior materials such as alloy steels. Also, there were no 
facilities for their discovery, investigation and manufacture at all 
comparable with those existing fifty or sixty years later. These 
probably an- the reasons why Faraday’s work remained isolated, 
almost forgotten, end certainly under-estimated for so many 
decades. 

Faraday was undoubtedly the first to embark on a considered, 
well-planned and extensive series of researches on alloy steels ; 
and even though his particular alloys found no lasting practical 
use, his rcsearrh, even with our present wide knowledge of aliov 
steels, contains much Valuable information. 

Whatever our feelings as to the extent to which we should 
recognise Faraday as the harbinger of modern alloy steels and, 
personally, the author maintains that full credit should be given 
to him for this — we can all agree that Ins researches were far from 
being a failure and that true research work on alloy steels began 
with Michael Faraday. 

Faiiai>ay as\7 the Royal Institution- 

From the time of his first engagement at the Hoy a l Institution 
in 1813, Faraday's life and works may be said to have been 
inseparably bound up with that institution. Both Faraday and 
the Royal Institution benefited by this long association, extending 
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fot some fifty-font years—Faraday ns it gave him the opportunity 1 
lie desired of carrying on his scientific work* this f too, without 
regard to any material gain* and the Royal Institution as it 
secured the life-long services of one of the greatest geniuses of 
the age. 

Within a few months of his entering the service of the Royal 
Institution* Faraday left it for eighteen months in order to 
accompany Sir Humphry Davy on his Continental tour. When 
Faraday intimated his desire to go with Davy, the managers of 
the Royal Institution permitted him to resign his sit nation and 
ordered that he should be paid a month's wages on his departure; 
f/t£ as sis tan t porter was engaged as laboratory assistant the same 
zrnge as had been paid to t araduy* Such was Faraday’s status in 
the year 1813 ; an assistant porter could take over his position ! 

A change was soon to come, Faraday, who left England as the 
general assistant and amanuensis of Davy, soon attracted the 
attention of distinguished scientists abroad* and it seems that 
Davy was considerably annoyed on some Occasions by the evident 
respect with which his junior was treated- This* however, was a 
passing phase on which we need not dwell. The important fact is 
that Faraday had exceptional opportunities of making himself 
acquainted with the work and methods of many of the leading 
men ol science in those days. Those opportunities he utilised to 
the full, and by his ability and simple charm of manner he laid 
foundations of an international reputation which grew rapidly and 
continually until the end of his life. 

On his return to England in 1815* he was taken back into the 
service of the Royal Institution. The former assistant porter was 
made porter again, and Faraday was engaged for the laboratory, 
the mmeralogpcal section of the Institution, and as superintendent 
of the apparatus at a salary of thirty shillings a week- Outwardly, 
he came back much as he went, but his whole outlook had been 
immeasurably broadened by his Continental experiences* and his 
wnrk from now onwards was on a higher plane. He was made 
Director of the Laboratory in 1825, and first Fulkrian Professor of 
Chemistry in 1833. 


U has been rightly said that from 1815 the life of Faraday and 
ie list cry of the Royal Institution became inseparable, and from 
1 when hamday was made Director of the Royal Institution 
-a moratory, the Institution was for many years kept alive bv hi* 
unselfish devotion to its welfare. When making his great electrical 
and magnetic researches, Faraday’s salary' at the Royal Institution 
was only L100 per annum, and although he had some outside 
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work, and took a few pupils, his total income must have? been 
quite small. 

Early Lecture —The lecture which Faraday delivered for so 
many years at the Royal Institution constituted an important 
part of his life's work and made him one of the most beloved and 
respected of men to all who had the privilege of hearing him i abo, 
they did much to strengthen the position and extend the influence 
of the Royal Institution itself. Faraday's first experience in. 
lecturing appears to have been gained by giving science lectures* 
at the rooms of the City Philosophical Society, Dorset Street* Fleet 
SLreetj and one of his first acts after his appointment as Director 
of the Laboratory at the Royal Institution in 1825 was to inaugu¬ 
rate evening meetings of the members for the dtSCtmion of scientific: 
problems* These meetings, held first in the laboratory, and later 
in the theatre, with ladies admitted to the gallery, were the fore¬ 
runners of the famous Friday evening discourses. To Faraday, also* 
we owe the commencement of Christmas lectures, which are still such 
a source of delight and instruction to the boys and girls of to-day. 

The first of the Friday evening discourses was delivered on 
February 8rd, 1826* the subject being caoutchouc* Faraday's 
courses of lectures at the Institution began in April, 1827, with 
one on chemical philosophy, and ended in I860 with his Christmas 
course on the chemical history of a candle. His last Friday 
evening discourse, delivered on June 20th p 1862, was a remarkably 
brilliant one an gas furnaces. The notes which he made for this, 
his last lecture, says Bence Jones, are very touching and very 
characteristic. 

They were as follows : 

M Personal explanation—years of happiness here* but time of retire¬ 
ment ; loss of memoiy and physical endurance of the hrain. 

“1. Causes—-hesitation and uncertainty of the convictions which the 
speaker has to urge, 

qi 2 t Inability to draw upon the mind for the treasures of knowledge 
it has previously received, 

" <*. Dimness, and forgetfulness of one's former self-standard in 
respect of right, dignity, and self respect. 

‘ l 4_ Strong duty of doing justice to others, yet inability to do so + 

4 ■ Retire/' 

Faraday died on August 25th, 1867, and at their meeting on 
November fth, 1867, the managers of the Royal Institution passed 
a resolution to the following effect: 

■' Rf-solved that the Members of the Royal Institution sympathise 
most deeply with Mis. Faraday m the loss of their Professor arid Friend, 

* Nog. la to Ifl Were nil an luomis. 



22 


FARADAY’S RISE TO FAME 


“His fiiergy nnd genius were rewarded by discoveries that have 
niade their Institution renowned throughout the world; whilst his 
judgment and kindness were so frequently and so well shown in all that 
related to the good of Members that they feel his departure from among 
them ns a misfortune which no words can adequately express." 

In tliis resolution there is no word of exaggeration, and it would 
hardly have been possible to express more fittingly the sendees 
rendered by Faraday to the Members, the Institution und the 
world at large. 

Faraday axd the Royal Society 

Faraday was elected a Fellow of the Royal Society on 
January 1st, 1824, Although Sir Ilumphry Davy did not sign the 
nomination form, this had no effect on the issue, and within a 
month Davy was writing to Faraday m very friendly terms. The 
terms of the certificate signed by thirty persons, including Win. 11. 
Wollaston. J. G. Children, Win. Babington, Sir W. Hencbd, J. 
South and Davies Gilbert, were as follows 

“ Mr. Michael Faraday , a gentleman eminently conversant in chemical 
science, and author of several papers, which have been published in the 
Transaeliont of the Royal Society, being desirous of becoming a Fellow 
t hereof, we, whose names are undersigned, do of our personal knowledge 
recommend him ns highly deserving that honour, and likely to become 
a useful and valuable member." 

Tliis certificate had to be read at ten successive meetings before 
the ballot. When the ballot was taken there was only a single 
black ball. One cannot but wonder who was sufficiently misguided 
ns to attempt to deny admission to the man who subsequently 
received unsought no fewer than ninety-three honorary titles and 
tokens of merit from leading bodies nil over the world. As Faraday 
said, in later years : “ One title, namely that of F.R.S., was sought 
and paid fur; all the rest were spontaneous offerings of kindness 
and goodwill/ 11 is a pity that the one honour deliberately sought 
by our great scientist should have been opposed even by a single 
individual. * ^ 

In 1857, some thirty-three years after Faraday was elected a 
Fellow of the Royal Society, lie declined the presidency of that 
great body, notwithstanding the most earnest pleading of certain 
members of the Council. The retiring president himself (Lord 
Wrotteslev), .Mr. Grove and Mr. Gassiot went as a deputation to 
Faraday to urge his acceptance of the proffered honour, but in 
vain. Dr. John Percy, who was also one of the Council, then 
wrote privately to Faraday, begging him to reconsider his decision 
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Di t he hcsl intercsU of science* and to establish mi important 
principle in reference to the society for which many have, us you 
know, sr> long luid arduously struggled/' To this Faraday replied : 

SE Royal Institution* 

H My Dear Percy, * May Slat, l$m. 

** Your letter is very kind and earnest* and 1 thank you heartily for 
it. but I may did change my eon cl us ion. None ran know but myself 
how unfit it would In?. 

11 Ever affectionately yours, 

“ M, Fa ha day/* 

Here, again, one may wonder; why should Faraday persist in 
his refusal, and why would his acceptance have been '* unlit " ? 
One thing at least is clear: theu T ns ever, Faraday shunned rather 
than sought, any appointment, however distinguished, which might 
distract his thoughts or divert his energies from the active prosecu¬ 
tion of his researches, rusjmrmg in his efforts where the pursuit 
of knowledge was concerned, he would give neither time nor 
attention to ttclf-glnrifleiitiori or personal profit* 

Faraday Tjtc Man 

One of the greatest, if not the greatest, experimental philosophers 
tiie world has ever known. Michael Faraday was also one of the 
best of men, and was regarded with the utmost affection by all 
who knew him* Rising from the humblest origin to a position and 
reputation which brought him the highest honours and caused 
him to be consulted by eminent men and even Governments, he 
remained to the last loyal to all Im friends and free from any 
trace of pride. None, however humble, sought his counsel or his 
assistance in vain* 

As Bence Jones, Ins biographer, says : “ Fie loved truth beyond 
all other things ; and no one ever did or will search for it with more 
energy than he did. Kindness was the rule of his life ; kindness to 
everyone, always—in thought, In word, in deed. His energy was no 
strong effort for a short time, but n lifelong lasting strife to seek 
and say that which he thought was true, and to do that which he 
thou gilt was kind. One at least of his natural qualities was 
greatly strengthened by his strong religious feelings which pro¬ 
duced what, may well be called bis marvellous humility. Ilis 
standard of duty was supernatural, and throughout his life his 
faith led him to act up to the very letter of it.*’ 

On l>eing asked by a young Inquirer the secret of his uniform 
success, Faraday replied : k " The secret is comprised in three 
words —Work, Finish, Publish/* Certainly his life affords a 
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striking example of the application of this golden rule. He worked 
so diligently that the Royal Society catalogue gives a list of 138 
papers under his name, apart from four written in collaboration 
with others. Almost every one of these represented the results 
nf many experiments, for he first and foremost art experi- 
mentalist, ” Without experiment, 1 ' he said, ** I am nothing, I 
was never able to make a fact my own without seeing it; I eotild 
trust a fact, and always cross-examined an assertion,” All his 
principal researches offer examples of his pertinacity in experiment, 
and his famous lectures and discourses were illustrated by innu¬ 
merable experimental demonstrations. 


IIis genius, ability and industry were first proved by the events 
of his early youth. Within ten years from 1803 the newspaper 
boy had qualified as a journeyman bookbinder and acquired such 
a store of knowledge by private study and experiment that the 
great Sir Humphry Davy engaged him as laboratory assistant and, 
a few months later, took him abroad as his personal assistant, 
During the course of that tour Faraday attracted the attention of 
some of the most eminent scientists in Europe—within a few 
months of his leaving his trade of bookbinding!—and ten years 
later he was elected a Fellow- of the Royal Society and had already 
received several of the high distinctions conferred upon him by 
learned inst itutions at home and abroad. 

Faraday's voluminous notes of Davy's lectures won him his find 
engagement at the Royal Institution, and the same spirit of industry 
and patien^ is evidenced by the index of the first twenty volumes 
, the JJk artt-ily Journal of Science and the Arte, the official journal 
, .v) Y^-™1 In ^ ltut1 ™’ m which there appears the words ” made 
* ' ] lltiKia y- At this time Faraday was thirty-five years of 
age and intensely busy in the responsible post of Director of the 

^.'T^J****' Me fouj,[i tui,€ to Perform tins 

dir^Smf nil 11 helped on his work in other 

ret tuns Otherwise he would not have done it. The Athemeum 

h d ” find^ T H “ 1823 : T 3 FaTada > «■ first secretary, 

" ,t '' “■ & >ursu * ts > ^ 

ifiiiea in aiay, 1824. .No trouble was too great and no task 

b“ noildij ^^1^1 ° f kn ° wk>d ^ ™ concerned, 

?? pt hmi to tx P fnd his energies in other 
of hi l 1 1 - md kmdt ' ms w< re the aim of all his work, and 

ess them it may truly be said Labor 

■is 9 ,m Profrus. He was famous as a teacher no less than 

single i ^ h ‘ S t0 scicnce ' with but 

■ * aim to advance da position in the world, and the benefit 


FARADAY’S HISE TO FAME 


25 


of mankind, without Fear or favour to rich anti poor alike. No 
monetary or selfish considerations ever entered his mind. 

Faraday's Influence on Scientific Advance 
Apart from the direct contributions to knowledge which Faraday 
made by his own discoveries, lie exerted a wide and far-reaching 
influence on the development of truly scientific methods by 
insisting on the importance of experimental research and verifica¬ 
tion. In his hands, experiments became instruments of extra¬ 
ordinary power. He was no lover of mathematics and, in a letter 
to C lerk Maxwell in 1857, he expressed a sentiment which many 
will endorse. “ There is one thing i would be glad to ask you," he 
wrote. “ When a mathematician engaged in investigating physical 
actions and results has arrived at his own conclusions, may they not 
be expressed in common language as fully, clearly and definitely as 
in mathematical formuhe 7 If so, would it not be a great boon to 
such as we to express them so—translating them out of their hiero¬ 
glyphics that we also might work upon them by experiment ? " 
Helmholtz, in his Faraday Lecture of 1881, said; “It is m the 
highest degree astonishing to see what a large number of general 
theorems, the methodical deduction of which requires the highest 
powers of mathematical analysis, he found by a kind of intuition, 
with the Security of instinct, without the help of a single mathe¬ 
matical formula. , . . With a quite wonderful sagacitv and 
intellectual precision, Faraday performed in his brain the work of 
a great mathematician without using a single mathematical 
formula. . . . The fundamental conceptions by which Faraday 
was led to these much-admired discoveries have not received tm 
equal amount of consideration. They were very divergent from 
the trodden path of scientific theory, and appeared rather startling 
to his contemporaries. Ills principal aim was to express in his new 
conceptions only facts, with the least possible use of hypothetical 
substances and forces. This -was really an advance in general 
scientific method, destined to purify science from the best remnants 
of metaphysics. Faraday was not the first, and not the only man, 
who had worked in this direction, but perhaps nobody else at his 
time did it so radically." 

Significantly enough, there appears in the first edition of Fara¬ 
day’s Chemical Manipulation (1837) the following excellent motto: 

“ Ce n’est pas assez de savuir ies 
principes, il Faut suvoir Manifullsi. 

Diciionnairt de Trcvmu" 

Tliis may truly be said to be the basis of all Faraday’s work. 
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Benefits Derived fmm his Discoveries, —Taking him all in all, 
Faraday was one of the most brilliant and versatile scientific 
immortals the world has ever known. Of him, the trrni 
14 immortal" may be used with special aptitude, for the future 
progress of researches which he inaugurated will perpetuate and 
enhance the glory of this great investigator. Vast Industries have 
been built on foundations which he laid, and these also will grow 
continually and carry his name from generation to generation ► 
The electrical industry is perhaps the greatest of all the material 
results of the labours of one who cared nothing for material profit, 
hoi their are others which arc also of vast importance. Faraday's 
discovery of benzol led to one of the greatest industrial successes 
ever achieved by chemistry, and his determination of the composi¬ 
tion of naphthalin led Laurent to some of the most important 
theoretical discoveries of the age. From Faraday’s many dis¬ 
coveries and inventions which he never patented, and of which 
he never made commercial use, the w r orid is benefiting and will 
continue to benefit on an immense scale. 

Professor Max Planck has recently well said : 11 Man has 
progressed because he has acquired a greater mastery of natural 
laws ; this mastery has necessitated a progress in intelligence, 
and it has led to great material progress.” No one has ever done 
more than Faraday to bring about progress in our mastery of 
natural laws ; in himself he was a glorious example of man's 
progress in intelligence and methods of thought ; and from his 
labours there has sprung material progress vast beyond estimation. 

One stands amazed at the number, diversity and importance 
of his discoveries* While still engaged on his investigations of 
steel alloys he discovered the chlorides of carbon, discovered 
electromagnetic rotations, and made various successful experi¬ 
ments oil the liquefaction of gases. Then came his dLcnverv of 
Ijcuzenc, and his important researches on the manufacture of 
optical glass. In 1B27 lit- began hU courses of lectures al the Royal 
Institution), and published his book Chemical Manipulation. 

Ills most famous disco very—that of n a ague to-electric induction, 
the foundation of modern electrical engineering—-was made in 
IS3I. Thereafter he continued his electrical, magnetic mid asso¬ 
ciated researches until the end of his active career, without, however, 
neglecting investigations in other branches of inquiry. He dis¬ 
covered the laws of electrochemical decomposition, anti demon¬ 
strated that magnetism acts both on matter and on energy. He 
made important investigations concerning dielectrics and specific 
inductive capacity, and others refilling to many optical phenomena. 
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lit introduced the ideas of polymcrism and isomerism* and to him 
we owe the revolution of thought which substituted the wave 
theory of energy for the supposed emission of imponderable matter 
which had hitherto been associated with light, heat and electricity- 
These, he it noted, are only a few of the more important discoveries 
made by Michael Faraday* For a full statement of them, one 
would have to refer to every one of his published papers—for each 
contained something original—and to the mass of unpublished 
information in his journal, for even his negative results and his 
failures often amount to discoveries. 

Eulogies prom Abroad 

It la easy to be carried away by enthusiasm for one's fellow- 
countrymen, but, where Faraday was concerned* the sentiments 
expressed by competent authorities in other countries were at 
least as complimentary as anything ever said or written concerning 
him in England* 

Diplomas, Medals and Honours .—The fact that he received 
nearly a hundred diplomas, medals* honorary memberships and 
other marks of merit from many different countries proves the 
high estimation in which he was held. Briefly* these distinctions 
were as follows ; 

Diplomas f Memberships^ etc. 


Great Britain . . * * . , 33 

Italy * * * * » » * , 12 

France, . t , 10 

Germany . . . * . * . 33 

United States of America . * * , 5 

Others (Belgium, Denmark, Holland* Russia, 

Spain, Sweden, Switzerland) * * ,14 


37 

Medals, 

Copley (two), Royal (two), Rum ford, Grande 

Medaille d'Hoimeur (Paris) , . * t) 

In the Proceedings of the Academic des Sciences there is clear 
evidence of the high esteem in which Faraday was held, even at 
the early dates of 1321-1323 (corresponding to the later stages of 
his researches on alloy steels). Thus at the meeting of the 
Academic on November 10th* 1821, Ampi-rc communicated 
particulars of Faraday’s experiment on the rotation of a magnet 
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or a current-carrying conductor by mutual action between the 
t wo. fit will be noted that Faraday liad already begun to establish 
his reputation as an electrical investigator.) Again, at the meeting 
on October 27th, (823, the thanks of Faraday were communicated 
for his appointment as Carrespondnnt in the faction de Chimu— 
an honour which testified to his chemical attainments. 

by tic la Hive and Dumas .—The various biographies of 
Faraday published in this country arc very widely known, specially 
the classic works among them. Innumerable obituary notices were 
published concerning him, and some of the more striking passages 
from these are to lie found in certain of the biographies. Instead, 
therefore, of repeating what is already fairly general knowledge, 
let us turn to two eulogies by famous foreigners, one by Professor 
. . A. de la Rive, of Geneva (the son of the professor to whom 
/ aradny wrote an account of his steel alloy experiments), the other 
by Monsieur J, D. Duiinis, Secretary of the French Academic des 
Sciences. Each of these is a remarkable testimony to the reverence 
and affection in which Faraday was held, not only by hjs own 

countrymen, but by all who came into contact with him or knew' 
lus works. 

Professor A. A. de Li Rive’s eulogium of twenty-seven pages, 
translated from the Bibliotheque Unkcrsdle, October 2jth, 184IT 
,ln:h. des Set., pp. 131 17G, and published in the Philosophical 
Magazine, December, 1SG7, presents an admirable review of 
* Todays life and his Work in the Reids of chemistry and kindred 
subjects, electricity and magnetism, electrochemistry, electrical 
induction, and the action of magnetism and electricity upon light. 

1 rofessor de la Rive regarded electrical induction as the most 
important of Faraday’s discoveries, and the action of magnetism 
mid electricity on light as the most brilliant. It h, however, with 
Ins appreciation of Faraday os a scientist and a man that we are 
specially interested ; on this, his words may be quoted in full : 

. VVitIjout children, a complete stronger to polities or to anv kind of 
administration, except that of the Royal Institution, whichl^iSed 
- ,lf ' Wl>ul(1 tftVc dotted his own house, having no interest but that of 
science, and on ambition but that of ad vancing it! Ihradav of dl 

r t lL " n< ni °^ completely and exdusivciv devoted to the h- 
aimpiT ' ln,tl ‘ “ f •“* *1* ctotory offers „ 

One may cosilymidcrrtund what must be produced under such 
cireumstmwes by a life thus wholly consecrated to science when te a 
S: T7 ltelta . K Pined a most brilliant inmgir aSn 

l £ to h"'oLl m rJ Js kbotat <^ “ the man IKsinS 

g< tc his olbce, and then tried hy experiment the truth of the ideas 
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which he had conceived overnight, as ready to give them up if experi¬ 
ment said + - no,'* as to follow out the consequences with rigorous logic if 
experiment answered “jfei.” His everyday labour experienced no inter¬ 
ruption, except the few hours which he devoted from time to time to the 
exposition in the theatre of the Royal Institution, before an audience 
equally numerous and select, of certain parts of physics and chemistry. 
Nothing can give a notion of the charm which he imparted to these 
improvised lectures, in which he knew how to combine animated and 
often eloquent language with a judgment and art in his experiments 
which added to the clearness and elegance of his exposition, lie exerted 
an actual fascination upon his auditors ; and when, after having initiated 
them into the mysteries of science* he terminated his lecture, as he was 
in the habit of doing, by rising into regions far above matter, space and 
time, the emotion which he experienced did not fail to communicate 
jtsdf to those who listened to him, and their enthusiasm no longer had 
any bounds,'* 

In concluding his estimate of the special characteristics of 
Faraday's labours and the influence which they exercised on the 
progress of science, de la Rive used the following remarkable 
words : 

11 The first character that strikes us Is their number. What Faraday 
published in the form of memoirs from 1820 to 1355 is in credible. And 
what would it have been if, side by side with the multitude of experi- 
meuLs which he has made known, wc placed in n parallel series those 
which he never published ? It is true that if he has left them buried in 
his journal, it is because they gave him negative results • but from 
how many fruitless essays and erroneous attempts he would have 
preserved scientific men if he had not been so discreet! 

“ A second character is the exactitude of the results obtained : I do 
not think that Faraday lias once been caught in a mistake i so precise 
and consdentiotis was his nnwjc of experimenting and observing. It 
must be admitted that in him the hand marvellously seconded Hie 
head ; he was of remarkable dexterity, and possessed a practical talent, 
rare and precious in mcri of science* which enabled him, when necessary, 
to construct niid modify his apparatus for himself, with the view of 
attaining with mure certainty the desired result. 

A third character of quite a different kind* and of much greater 
value* Ls the originality of the works of Faraday. A disciple of Davy, 
he undoubtedly shows traces of the school from which became, especially 
in the choice of the subjects of w hich he treats ; but he docs not blindly 
follow either the method or the steps of his master, and, soon quitting 
the beaten track, he strikes out a path for himself.” 

In the great work of demolishing erroneous ideas w hich proceeded 
during the earlier part of the nineteenth century, and in the con¬ 
struction of the bases on which all subsequent advance was 
Minded, Faraday was iL one of the first, most active and most 
persevering. Therefore his works," says de la Rive, “will always 
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be regarded as corner stones in the new edifice which we are now 
endeavouring to construct/ 5 Those words p written in 1867, hold 
good to-day. We arc still labouring on the edifice of new know¬ 
ledge, which will always he heightened and can never be completed* 
Faraday's works arc still regarded as comer stones in that edifice, 
and so they will remain lor all time, for Faraday sought and 
discovered truth,, which is eternal. 

Xo less glowing, sincere and convincing than de la Rive's 
eulogy is the commemoration speech of M. Tkimas* which 
constitute* an admirable biography of Faraday and affords a 
remarkable testimony it> the brilliance and importance of bis 
work, and the almost supernatural beauty of his character* 
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CHAPTER. Ill 

THE STAGE AND THE DRAMATIS PERSONA? 

Introductory 

In building up the whole story of Fnradftys association w r jth 
steel and alloys of steel, and in attempting to gain an appreciation 
of the conditions under which he worked and the assistance he 
received, it is helpful to learn something of the persons with whom 
he came in contact, specially as regards his researches on steel. 
It is of interest, too, to recall the circumstances of the foundation 
of the Royal Institution, the stage on which Faraday performed 
almost the whole of his life-work, and where many of the others 
with whom wc are concerned took their part. More than passing 
reference may fnirlv he made to those who introduced Indian steel 
or wootz into this country, for the excellent qualities of this 
material and the desire to imitate them were largely responsible 
for Faraday’s interest in steel and steel alloys. Concerning the 
general state of knowledge in ferrous metallurgy during the opening 
years of the nineteenth century more is said in Chapter IV. Before 
considering that aspect of the subject, let us describe the stage and 
assemble our Dromatu Pmonec. 

Tur Royal Institution 

The Royal Institution is officially descrilred as ** an association 
of men and women for the advancement of natural knowledge. 
In general, its objects are to prosecute scientific and literary 
research ; to illustrate and diffuse the principles of inductive and 
experimental science i to give opportunities for social intercourse 
among those who are attached to science ; and to afford them the 
means of collective and individual study. 

Four dtd in 1800.—Founded in 1800 by Sir Benjamin Thompson, 
Count von Romford, with the support of Mr. Bernard (afterwards 
Sir Thomas Bernard, the first Treasurer), Sir Joseph Banks, then 
President of the Royal Society, and other original subscribers, the 
Royal Institution was granted a Royal Charter on January 13th, 
1800, bv George III., and during the period of more than ISO yiar> 
which has since elapsed the Royal Institution has played a wonder¬ 
ful and unique part in the history of our nation. It has indeed 
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helped to encourage, nurture and develop some of the greatest 
scientists the world has known. 

In a letter from Faraday dated March 20th, 18±8 t written from 
the Royal Institution, to Weld, the author of the Interesting 
History of the Royal Society, \S\$, in two volumes, he made the 
following statement : 

“ According to the earliest do cun Lent I can find, the first meeting held 
for the fnrf»sc of founding the Institution, was oil the 0th March, 170^, 
ill |] H - house of Sir Joseph Ranks, in Soho Square, It is called a Meeting 
of the Managers, and there were present Sir Joseph Banks, the Earl of 
Morton, the End Spencer, Count Rumford, Richard Chirk, Esq., and 
Thomas Bernard. Esq. These were the men * and at that meeting they 
made Sir Joseph Banks chairman, and Mr, Bernard secretary* The title 
am! purposes of the Institution, as given at that time T are as follows: 

M Institution.— For diffusing the knowledge, and facilitating the 
general introduction, of useful mechanical inventions and improve¬ 
ments : and for teaching, by euursea of philosophical lectures and 
experiments, the application of science to the common purposes of life- 

**■ You will see that no idea of the research that grew nip in Lhe time of 
Young and Davy entered into the conceptions of the founders. The 
first meeting of the proprietors (now replaced by those we cull members) 
took place on the ^Uth of April of the same year. 

fcL Ever truly yours, 

M M, Faraday . 11 

Although the Institution owed its origin entirely to Bumford 
it is probably not too much to say that it would have failed but 
for the work of Davy and Faraday. In the words of Henry Bence 
Jones, from his book The Royal Institution: 4k The history of 
thirteen years of the life of Davy, Like that of fifty of the life of 
Faraday, is closely interwoven with the history of the Royal 
Institution. Their lives were the life of the place. From XS15 the 
life of Faraday and the history of the Royal Institution become 
inseparable, and From 182 \ it was kept alive by his unselfish devo¬ 
tion, to its welfare.* 1 This mention of the date 1821 is perhaps of 
special significance. It was in this year that Faraday performed 
his last experiments with steel alloys, and it is at least conceivable 
that Faraday's feelings of responsibility towards the Institution 
and anxiety for its welfare led directly or indirectly towards his 
discontinuing the researches on steel alloys which had occupied 
su much time and doubtless involved considerable expense without 
holding out any prospect, ns they seemed to him, of bringing out 
important discoveries. 

Facilities for Research* —This famous Institution, the scene of 
nearly all Faraday's labours, afforded him precisely the conditions 
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uf work which must appealed to him. The monetary reward way 
small, for the Institution was poor in those days, but that was a 
matter of indifference to Faraday, who was always content to acrept 
as little as would cover his modest requirements provided that it 
was not “ the indicator of the character of the appoint men L" On 
the other hand, the ample laboratory accommodation and the 
excellent facilities available (as judged by the standards of that 
time), together with the absence of restrictions, and the oppor¬ 
tunity of imparting in fori nation to others in the course of lectures, 
were peculiarly appropriate to Faraday’s abilities and tempera¬ 
ment. In large measure, the Royal Institution helped to make 
Faraday what he was, and it is equally true that he, in return, 
greatly* enhanced the reputation and influence of Lhe Royal 
Institution. 

Housed in a substantial building in Albemarle Street, the Royal 
Institution is known in every part of the world as one of the fore¬ 
most centres of scientific thought and discovery. It lias played, 
and will continue to play, a gTeat part in scientific discovery and 
investigation, and in the diffusion of scientific knowledge. To 
present a paper or deliver a lecture before the Royal Institution 
is an honour highly prized by even the most eminent men of 
science. 

Over a period of 130 years the laboratories of the Institution 
have been associated with the researches of Young, Davy, Hrande, 
Faraday, Tyndall, Fran bland, Odling, Gladstone, Dewar, Strutt 
(third Lord Rayleigh), Thomson, Rutherford and Bragg, No other 
institution in the world can claim such a record of research and 
discovery as that of the Royal Institution, Experiments carried 
out in its laboratories have led to the establishment of great 
industries of ever-increasing Importance, and innumerable addi¬ 
tions have Imjch made to the world's knowledge of scientific facts 
and principles. The cost of all this work has been borne by the 
contributions of members, supplemented by the gifts of benefactors, 
and most powerfully aided by the self-denial of the eminent men 
w r ho have lived and worked in the Institution. 

The present General Secretary of the Institution, Mr. Thomas 
Martin, M.Sc,, has undertaken the important work of preparing 
Faraday’s famous diary for publication, and the author is specially 
indebted to him and Mr. W. J. Green, B.Sc,, for assistance rendered 
in searching for specimens of Faraday’s steel and alloys ainongsL 
the large accumulation of experimental apparatus and other 
materials. 
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Sik Benjamin Thompson (Count von Rumford), F.R.S. ( 1753 - 

1814) 

In the remarkable career of this great man there is, perhaps, 
nothing which gives him a better title to t lie enduring rcmcmUraiiee 
and gratitude of humanity than his work of founding the Royal 
Institution. 

Born at North Woburn. Mass. (U.S.A,), Thompson was appren¬ 
ticed to a storekeeper at the age of fourteen years. A few years 
later lie attended lectures at Harvard University and acquired a 
knowledge of medicine and surgery. He held various appoint¬ 
ments under the Colonial Office, was knighted by George ITT- in 
1784, and subsequently spent eleven years in Munich, where lie 
rendered valuable public services and whence he returned, in 1795, 
with the title of Count von Runiford. 

His scientific activities were many and various. He experi¬ 
mented with gunpowder and projectiles, conducted important 
investigations in heat and economical eon j bastion, and in electricity 
and light. He was elected a Fellow of the Royal Society in 1779, 
and, himself the recipient of many honours, he established by Ids 
munificence honours lor others in the form of medals to be awarded 
by the Royal Society and the American Academy of Arts and 
Sciences; also a professorship of physics at Harvard. 

Truly a 11 citizen of the world,” Rum ford appears to have been 
as familiar with French, German, Italian and Spanish as with 
F.nglish, and his activities and reputation were remarkable in 
America, England and Bavaria alike. Yet of all his work the most 
important and the most enduring was the foundation of tlie Royal 
Institution for the diffusion of the knowledge of new improvements 
and for teaching an application of science to the useful purposes of 
life. Rumford himself was the first Secretary of the Institution, 
he designed the lecture-room, and he superintended the Journal 
fur about two years until he went to Bavaria in 180S. To Rumford 
is due the credit for establishing the Royal Institution which later 
gave Faraday his opportunity; hut Davy first and Faraday later, 
and in much greater measure, disserve the credit of raising the 
Royal Institution to world-wide fame, fulfilling a purpose which is 
realised nowhere else in quite the same manner and degree. 

Benjamin Huntsman ( 1704 - 1776 ) 

Though Huntsman died some years before Faraday was bom, 
no description of the state of ferrous metallurgy' early in the nine¬ 
teenth century would be complete without reference to the impor- 
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tant work accomplished by Huntsman, specially in regard to the 
production of crucible east steel, a matter which is further discussed 
in Chapter IV. 

Starting business as a cloekmaker and locksmith at Doncaster, 
Huntsman soon began to experiment in steel manufacture in order 
to obtain a better grade of material for his own use* About the 
year 1740 he moved to Hands worth* near Sheffield, and there he 
perfected his crucible cast steel. Curiously enough the merits of 
this material wen? recognised in France earlier than they were in 
tills country, and it is said that the competition of French cutlery 
made from steel exported by Huntsman was finally the means of 
compelling Sheffield cutlers to take up its use. 

Josiait Wedgwood, F.R.S* (1730 1705) 

Many members of the family of Wedgwood were potters in 
Staffordshire during the seventeenth century, and Josiah Wedg¬ 
wood was put to that trade before he was ten years old. A skilled 
craftsman himself, he was also a man of originality, energy, and 
business acumen. By the time he was thirty years of age he had 
a pottery of his own, and was soon engaged in the production 
of wares of remarkable beauty and quality. His achievements 
undoubtedly influenced the whole subsequent development of 
pottery manufactures and he was also a man of culture whose 
interests extended far beyond his own trade. For example, he 
engaged actively in the movements for improved roads and canals 
and for the establishment of schools* He was the associate of 
many noted men, including Sir Joseph Banks, Joseph Priestley and 
Erasmus Darwin, and it is interesting to recall Unit one of his 
daughters was the mother of the great naturalist Charles Darwin. 
Amongst his many other activities, Wedgwood was probably the 
first to make and show how to obtain correct determinations of 
high temperatures. His first paper was read before the Royal 
Society, being communicated in 1782 through Sir Joseph Banks. 
Tins description of his researches led to hb receiving the honour 
of being elected as a Fellow of the Royal Society. 

Dr. Hejlexus Scott ( 1760-1821) 

Dr, Heknus Scott entered the medical service of the East India 
Company, and was for thirty years in India, chiefly in the Bombay 
Presidency, where he was the first member of the"Medical Board 
he afterwards returned to England, practising as a physician in 
Russell Square, where Stodart resided. Dr* Scott is associated 
with the subject of this book by the fact that he sent to the then 
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President cf the Koval Society, Sir Joseph Bonks, specimens of 
native Indian steel or wool*. This moteriid attracted a great deal 
of attention by reason of its peculiar properties. It was first 
investigated by Dr. George Pearson, i'.R.S., in 1705, at the 
instance of Sir" Joseph Bonks, and later, in 1619, Faraday made 
an analyst of wootz. This may fairly be considered os the com¬ 
mencement of Faroday's work <111 steel and its alloys, and in his 
papers on alloys of steel, presented to the Royal institution in 
1820, also to the Royal Society in 1822, he refers to various at tempts 
to moke wootz by alloying. 

Siu Joseph Banks, P.R.S. (1743-1820) 

This famous English traveller and botanist, w ho did so much for 
the advancement of knowledge by the liberal expenditure of his 
wealth 011 voyages of discovery and other fruitful objects, was 
President of the Royal Society from 1778 until the time of his 
death in 1820. Ilis scientific expedition to Newfoundland and 
Labrador in 1766, his voyage with Captain Cook to the Pacific 
Ocean, and his expedition to Iceland in 1772 ail resulted in the 
collection of a vast amount of information, specially as he took 
with him many skilled assistants, As President of the Royal 
Society fur forty-two years, he did much to advance science in 
Uik country nnd to promote international relations between 
scientists of different countries. It should also be added that the 
first meeting regarding the formation of the Royal Institution was 
field at the'house of Sir Joseph Banks in 17D9. He it was who 
received from Dr. Ilelenus Scott, of Bombay, specimens of Indian 
steel or wootz, and it was by his instrumentality that Dr. Pearson 
and other highly qualified persons investigated the nature and 
properties of this material, and thus helped to arouse Faraday's 
interest in the whole question of steel and its alloys. 

Sir Joseph's laboratory, which was considered the richest ol 
its kind, is still kept, in a room lit the British Museum, but hi$ 
natural history collections have been transferred to South Ken¬ 
sington. 

Dti. Geobge Pearson, F.R.S. (1751-1828) 

Born at Rotherham in the year 1751* George Pearson qualified 
as a medical practitioner, being awarded the degree M.D. in 17,3. 
He was of lively temperament, an excellent lecturer and a “ metho¬ 
dical, ingenious and trustworthy experimenter." He was elected 
a Fellow of the Royal Society m 1791, being described on his 
uomination paper as “ George Pearson of Leicester Square, a 
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gentleman well skilled in chemistry and in many branches of 
knowledge.” For many years lie was a member of the council ol 
llic ltoynl Society, and lie read a number of important chemical 
papers, mid was an early advocate of vaccine. One of the first to 
appreciate the theories of Lavoisier, lie did much to spread them 
in England by translating in 17!) \ the X amend atari' Ckimique . 

At the instigation of Sir .Joseph Ranks, who was then President 
uf the Royal Society. Pcarsun undertook the investigation of the 
nature and properties of wootz, in which work he was associated 
with James Stodart. Pearson’s results wen- presented to the Royal 
Society tn a paper which was published in the Ph itosophttttl Trans¬ 
actions for 1705 and, in the course of that paper, Pearson refers to 
the fact that Stodart forged a penknife from woutz, at the desire 
of Sir Joseph Banks, and found it to hr su|>erior for many pur¬ 
poses to any steel thru used in this country. 

Pearson's examination of wootz helped materially to increase 
the interest of others and. in due course, Faraday analysed wootz 
steel and attempted to imitate it by alloying. From various 
references in his (Faraday's) papers it appears that tlie problem 
of making wootz by alloying was one to which he devoted special 
attention in the course of his broader investigation of alloys of 
steels with a whole range or different elements. 

James Stodart, F.R.S. (3760-1323) 

In view of the special association of James Stodart with Michael 
Faraday in Ins researches on steel and alloys, it is desirable to learn 
as much as possible alxtul him, if only to enable us to form a better 
idea of the extent to which Faraday himself contributed to the 
researches on steel alloys. The two famous papers on the subject 
to which full reference is made in pages 115 In 321 of this Ijonk, 
one presented to the Royal Institution in 1H21!, the other to the 
Royal Society in 1322, were both by " i St ml art and Faraday,” but 
there can Ijc no doubt that the planning and the execution of the 
researches, as well as the writing of the papers, were almost, if 
not entirely. Faraday’s work. 

Stodart was a man of considerable scientific attainment, hid in 
no respect did he ever reveal capabilities at all comparable with 
those of Faraday. He was a maker of surgical instruments, and 
had doubtless workmen nf his own and a more or less extensive 
connection with steelmakers which proved useful to Faraday, but 
Stodart's connection with the steel alloy research was rather im 
the practical side of testing samples than in relation to the formula 
tion of the research utid the preparation of alloys. The priority 
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given to Ills name in the authorship of the papers was no doubt 
due to the fact that lie was already an elderly man of established 
reputation, a Member of the Royal Institution and (in 1821) a 
Fellow of the Royal Society, whereas Faraday was then quite 
y oung, and had not yet been made Director of the Royal Institution 
Laboratory* 

Stodart was sixty years of age when the Royal Institution paper 
was read in IS20 t Faraday being then only twenty-nine years old. 
Stodart was elected a Fellow of the Royal Society in 1821* and 
Faraday in 1824, the same year in which he was appointed Director 
of the Royal Institution Laboratory, 

It has been no easy matter to get together the desired information 
regarding James Stodart, as neither the Royal Society nor the Royal 
Institution possesses much information about him. However, when 
it seemed at one lime that the search would be fruitless, the author 
found, to his great satisfaction, at the Library of the Guildhall, a 
copy of The English EimjcfoptFdw, in which then? is a most 
excellent article on Mr, James Slodnrt, F.E.5., evidently wrjLten 
by someone well acquainted with him and his work. From tills 
and other sources the following information is presented, though 
unfortunately it has not been possible to obtain a portrait of Mr. 
Stodart, as the author has been able to do with most of the other 
individuals mentioned in the table of Dramatis Per$&ttfE« 

The well-known collector Mr. G. II. Gabb is tlie fortunate 
possessor of a silver-mounted ease of green shagreen containing a 
set of steel surgical instruments made by Stodart, regarding which 
he furnished the author with the following inform ;lI: ium This set 
consists of two scalpels, three steel probes and two heavy forceps, 
the date of these being about 1800—1810. In the collection also 
was a pair of razors which belonged to one of Mr. Gabb's relatives 
stamped with the Crown and V.R., as well as the words “Concave 
Razor, Silver Steel, *' 7 of a bout 1845 date. Fanulay freq uently states 
that razors were made from some of his steels. It is therefore 
possible that the above-mentioned razors were made from steel 
resulting from Stodart and Faraday's researches. In any ca.se, they 
represent the type of steed used at that time for razors. The author 
was able to purchase erne of these* tests on which are fully described 
on p. 239, 

Two of Stodart 1 *e trade cards may be seen at the British Museum. 
The earliest, of date about 18t>U + is inscribed ; 

" J. Stodart, Surgeon’** Instrument maker and Cutler. No. 401, 
Strand, nearly opposite the Add phi. Fine Razors, Varieties of Knives, 
Scissors, etr + . Tempered by the Thermometer. 1! 
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This reveals an curly application of the thermometer for tempering, 
imd suggests that Faraday may have learnt from Stochirt that 
appreciation of the importance of accurate heat treatment which 
be emphasises in his writ lugs. 

Stodart *s later trade card, probably ol about 18-0, reads : 

ib J. Stodartp at 401, Strand, London, Surgeon's Instruments, Razor* 
and other Cutlery made from (wootz) a Steel from India, 

preferred by Mr. 5, to the best steel in Europe after years uf com¬ 
parative trial," 

This card, too. is instructive, for it shows the high estimation 
in which wootz was held at that time. 

From the directories of those days, it appears that J. Stodart 
carried cm the business of* 1 Surgeon's Instrument Maker ” at 401, 
Strand from before 1800 until 1821 (two years before his death), 
when the name was changed to W. Stodart, and continued until 
about 1835, 

A search through the early rate hooks at Westminster Town llall 
reveals the fact that 11 Jas, Stodart 1 * became tenant of 401, 
Strand. London, in the year 1787, at a rental of £35 per annum, 
with rates £4 7s, fid- (happy man !). The rental of all the houses in 
the Strand appears to have averaged £85 to £15 at thnt time. 
Nowadays the charge for premises of the same site area is more 
like £2,000 per annum, with half as much again for rates. 

The old house «t 401, Strand was apparently rebuilt about 
thirty-live years ago. It set 1 ms at nne time to have carried with 
it land extending back to Ma iden Lane, so that in Stodart 1 * time 
there would have been ample room for workshops. 

The author is indebted to Mr. G. 11. Gabb for interesting 
particulars concerning Stodart's business circumstances and, in 
reply to an enquiry as to the probability of Stodart’s workshops 
being behind the shop in the Strand, Mr. Gabb wrote as follows : 

“ Since I saw yon I have in a leisurely way continued my researches 
j,lHiLjt Stodart and am now able to say definitely that he began business 
jit 401 Strand as early as 1792, and the business was carried on as * J. 
Stodart 1 until 1821, when it changed to * W. Stodart, 1 and continued so 
till 1835, when the name became 1 David Stodart, 1 and remained so till 
1835*, when apparently the business ceased to exist. 

" I mav tell von ttiut until recently I had an interest in a firm of 
instrument makers (Bring A Fage), who carried out the whole r>f their 
p reduction at 145 Strand' (,i fiu i doors from Somerset Mouse) from 1881 
to 1901. Bring and Page was founded in 1725, and still continues at 5«, 
Stamford Street, and was always in the family until six years ago, wlum 
I sold it* 


40 THE STAGE AND THE DRAMATIS PERSONS 


" Their production conaiirted of forging, grinding, brazing, plating, 
etc., and considerable wood working as we made all the gauging instru¬ 
ments for H.M. Customs, etc., so you need not hesitate to assume that 
Student did nil his s production 1 at 401 Strand as the rear of his 
premises ran into Maiden Lane, and as 1 401 1 h at the comer of 
Ltimley Court it gave easy access to his works in the rear—and this 
was In 1822* a very different St mod from to-day or 1881-1001.” 

The minutes of the London Cutlers Company from 1770 to 1795 
reveal no trace of Mr. James Stodart, so he was evidently not a 
member of tlds guild* 

There appears to be little known about the early life of Mr. 
James Stodart, but at the time w ith which we arc concerned he 
was a maker of surgical instruments and superior articles of 
cutlery in London. 1 * Ife had earned for himself u reputation as a 
man of science, specially as regards its applications to his own 
business, " lor he did not make philosophical researches though he 
became companion and friendly assistant to those who did. 11 

The papers published by Stodart alone were few in number and 
of quite a different calibre from the two joint papers (Royal 
Institution, IB2G* and Royal Society, 1522) by Stodart and 
Faraday; these papers* on the other hand, are couched proHsdv 
in Faraday's style* and there can be no reasonable doubt that he 
was mainly* if not entirely* responsible for their preparation. As 
might be expected, several of Stodart"s writings were on practical 
matters more or less directly hearing upon Ins trade of cutler anti 
surgical instrument maker. All his independent publications 
appear to have been contributions to Nicholson's Journal of 
Natural Philosophy, Chemistry and tha Arts. Therein we find him 
writing, in iS02 i On the Effects of Respiration of the Nitrous Oxide 
(A T ichohon's Journal, L t 225 7); in I8Gi f on an Experiment to 
Imitate the Damascus Sword Blade ( Ibid VII*, 281-2); and in 
1505, on the Precipitation of Platiua as a Covering or Defence to 
Polished Steel, and also lo Urass (Ibid.* XI.* 117-0) t and a Method of 
Gilding upon Steel by Immersion in a Liquid (Ibid., XI. t 335-0). 
Then, for a period of fifteen years* there is no trace of any paper 
being published by Stodart until we come to those in which lie 
appears as joint author with Faraday in 1520 mid 1822, 

An interesting reference to Stodart is to be found in Metals find 
Allogt (1857), where the following words appear on p. 379, referring 
to heating steel in the lead balb ; “ Mr* Stodart, cutler and 
surgeon’s instrument maker, more than forty years ago (lev, 
certainly not later than 1817) tells us that lie has lately tried this 
method and found it to be a great acquisition to the art.** 
Evidently Stodart* with his tempering by thermometer, his use of 
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the lead bath Tor heating steel, and his years of comparative trials 
between wootz and other steals, was a man keenly interested eel l he 
progress of his craft and seeking continually for improvements. 
Our respect for him increases greatly as wv piece tog-ether the 
rather fragmentary records available. 

A striking instance of his enthusiasm is to he found in his letter 
describing the effects of breathing nitrous oxide, published in 
Nicholson $ Journal, Vol. I M 1802. Fallowing the discovery by 
Sir Humphry Davy, on April 9th, 1799, that pure nitrous oxide 
or “ laughing gas " was respirable, it became quite a fashionable 
craze to take a dose of this gas. Soon after Davy was appointed 
Director of the Royal Institution Laboratory and lecturer hi 
chemistry* in IBff t, Stodart had an opportunity of gratifying his 
curiosity, which had been whetted by all that lit had read and heard 
concerning this strange gas. Writing to Mr. Nicholson from the 
Strand* under dale February 19lh, 1802* StudarL tdLs that he first 
had an opportunity of breathing nitrous oxide in June, 1801, when 
in the company uf Mr. (afterwards Sir Humphry) Davy in the 
laboratory of the Royal Institution, A little nervous at the first 
trial, Stodart sOtat became bold, not Ln say rash* Within a period 
of ten days nr so he had token repeated doses of four or six quarts 
of the gas at a time, experiencing pleasurable sensations, and 
apparently deriving subsequent benefit from the experiment. 
After a further dose on June 18th, however, he awakened with wry 
f\ [arming symptoms, and it took him several days to recover his 
accustomed strength and spirit*. He does not appear ever to 
have indulged in experiments of this kind again, and, with the 
exception of his notes on the Damascus sword blade, Lhc gilding 
of steei and the precipitation of plalina, the author has been 
able to lind no further publications bearing his name until the 
joint papers by Stodart and Faraday were published in 1820 
and 1822. 

Stodurt participated actively in the investigation of the proper¬ 
ties of vvootz, at the request of Sir Joseph thinks, and he appear* 
to have been specially successful in applying this material to the 
manufacture of surgical and other instruments in which great 
perfection and durability of edge were required. 

Among other applications, Stodart forged the knife edges of 
Fa plain Katers T original in variable pendulum from a piece of wootz. 
Ills practical experience and skill in the working of steel were in 
many respects essential to Faraday* s investigation of steel alloys, 
and there is little doubt that his death on September 1 1th,lS23 k at 
the age of sixty*three years (Faraday being then Ihirty-one years of 
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age) may have hem one of the factors causing Faraday to discon¬ 
tinue his work on steel. 

As Mi indication of Stodart's practical and scientific knowledge, 
it may be mentioned that he had the distinction of correcting the 
great Sir Humphry Davy himself, who had united with Dr. Thomas 
Thomson in concluding that the change of colour produced by heat, 
on the surface of polished steel probably did not depend on the 
oxidation of the met ah Stod art, who had made many accurate 
experiments on the tempering of steel and was familiar with the 
changes of colour and the temperatures at which they occur* sent 
various specimens to Davy indicating that the colour of the steel 
did not change if air was excluded* This led to further trials, 
which proved conclusively the correctness of Stodart’s opinion 
that temper colours were a consequence of oxidation. 

It is interesting to note that when Stodart was nominated for 
admission to the Koval Society in 1821 1 special attention w as drawn 
to Ids work on alloy steels. His nomination paper re ads as follows : 

“ Mr. James Stodart of Russell Square* 

□ gentleman well versed in various branches of natural philosophy and 
has particularly distinguished himself by interesting experiments on 
the alloys of steel, being desirous to become a Follow' of the R.S., we 
whose names arc hereunto subscribed do of our own personal knowledge 
recommend him as worthy of that honour and likely to prove a useful 
Fellow Member. 

“Tn. Murdoch, 

11 Sees cee* 

« W. 11. WULIANTON, 

**- Thomas Harrison; 

“j. mv\\ 

“ Charles Wilkes. 

T. Chevalier* 

* s Balloted for and elected June. 1S2I. 11 

It will be seen that Stodart's experiments on alloys of steel were 
advanced ns a special reason for his election and. without wishing 
to under-estimate Stodartqualifications^ which were undoubtedly 
high, it may be claimed that Faraday T 5 contribution to the joint 
research helped to secure for his senior the distinction which was 
awarded to Faraday himself three years later, in 1824. 

4i Mr. Stodart.' says his biographer in The English Encydvp&dkt t 
H was tsne of the earlier appreelators anti friends of Michael Faraday, 
who, when chemical assistant in the Koval Institution, was engaged 
with him in a series of experiments on the alloys of steel, which 
were pursued for several years in the laboratory of that establish¬ 
ment, nf which Mr. Stodart was an active member.” 
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In this respect, too* Stodart formed a link between Faraday and 
Sir Joseph Banks, for the specimen of Indian steel which Faraday 
analysed in 161 !> was cut from one of the takes which had been 
originally presented to Mr. Stodart by Sir Joseph Banks. Arti¬ 
ficial wuota was made at an early stage in Stodnrt and Faraday's 
joint investigations, and the work thru proceeded over a much 
wider field (as recounted in Chapter VI. of this book), Within a 
year of the publication of the Royal Society paper 11 On t he Alloys 
of Steel* 1 * in Stodart died at. Edinburgh on September T Uh, 
1823. As evidence of the friendly relations existing between the 
two men, he bequeathed a portion of his collection of philosophical 
apparatus to Faraday. 

The death of Stodart at the comparatively early age of sixty - 
three years was specially unfortunate as regards the investigation 
of alloys of steel. As his biographer iv marks; ” The further 
improvements in the manufacture of steel in the direction they 
(Stodart and Faraday) hud taken would appear to have been 
stopped by his demise.” It is evident from the Royal Society 
paper of 1S29 that the manufacture of the steel alloys was pro¬ 
ceeding at Sheffield with encouraging results. The experiments 
had 11 excited a very considerable degree of interest both at home 
and abroad/ 5 Some commercial use was being made of the steel- 
silver alloy by at least one Shed]eld firm, and the oQoy of silver m 
well as that of platinum had been 11 to some considerable extent 
in use at His Majesty's Mint/ 1 At ^Iris critical stage Stodnrt died, 
and though he may have been, and probably was, the minor partner 
in respect uf the scientific side of the tvi.>rk, lie was an energetic and 
widely respected man in dose contact with steelmakers and the 
cutlery trade and not tied down* us Faraday was, to work and 
responsibilities at the Royal Institution. True, Faraday con¬ 
tinued his investigations for nearly another year, at any rate until 
the summer of 1821. He was MJy capable of earning on with 
the scientific and laboratory side of the work* but without access 
to forge* workshop and Lrade through his colleague further sub¬ 
stantial advance must have been impossible*. Neither then nor 
now could practical success with steel alloys be reached by 
laboratory work alone. 


De. William Hyde Wou.astox, P.FLS* (lT0ft-I82fl) 

In more than one place, Stodnrt and Faraday pay tribute to 
the important assistance received from Dr. Wollaston, specially 
in regard to the liberal supply of noble metals for use in Lhe pre- 
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pEiratlon of alloys of steel. Thus, in their first paper * they say : 
" It is to Dr. Wollaston we are indebted, not only for suggesting 
the trial of rhodium, but also for a liberal supply of the metal, as 
well as much valuable information relative to fuel, crucibles, etc. - 
this liberality enables us to continue our experiments fin this 
alloy. Evidently this liberality was continued on an increasing 
scale, for in their second paper f Stodart and Faraday say: “ We 
arc happy to acknowledge the obligations due from us to Dr, 
VV cllaston, whose assistance we experienced in every stage of our 
progress, and by whom we wore furnished with all the scarce and 
valuable metals; and that with a liberality which enabled us to 
transfer our operations from the laboratory of the chemist to the 
furnace of the maker of Cast steel,” To supply precious metals on 
such a scale as this was valuable assistance indeed, and it is of 
more than passing interest to recall some further particulars of 
this broad-minded ajid generous scientist who contributed so 
substantially to the success of Faraday’s work on steel alloys, 

Jiom at East Dereham, Norfolk, on August 6th, 17(5(1, W, H. 
Wollaston was educated at Charterhouse and Caius College! 
Cambridge. lie qualified as a physician, and practised successively 
iu Huntingdon, Bury St. Edmunds and I^jndon during the period 
1789 1800. Then, at the age of thirty-four, he retired from the 
practice of medicine mainly, it is believed, on account of his 
sctihitivenm and the 41 mental flagellation called nnxietv ” induwd 
by his too keen susceptibility to the sufferings of patients. From 
his youth Wollaston had been keenly interested in scientific 
studies, and he possessed a genius for precise observation and deli¬ 
cate manipulation winch enabled him to make many important 
discoveries and inventions. Combined with these he liad practical 
and commercial instincts whieh enabled him to turn his scientific 
achievements to good account. Without abandoning " the 
t laracter ol a professional mnn and a master manufacturer,’ 4 and 
while • always maintaining the position of a gentleman," lie was 
able to amass a considerable fortune by his discoveries and inven¬ 
tions, At the name time, lie contributed generously to the work of 
others, as witness the quantities of precious metals he supplied to 
Faraday, and the funds which ho placed at the disposal of the 
Geological boeiety and the Royal Society for the promotion of 
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While atilt at Cambridge* Wollaston made friends with .John 
Brinkley, the Astronomer Royal for Ireland, and with Jolui Pond, 
and studied astronomy under their guidance. In 17133, at the age 
of twenty-seven, he was elected a Fellow of the Royal Society, 
among the signatories of his papers being William Hcberdcn the 
elder, the IIuu. Henry Cavendish and Sir William HerecheL On 
retiring from medicine in 1800, Wollaston applied himself mer- 
getieally to .studies in physics, chemistry and botany* and in 1801 
he established himself in Buckingham Street, Fitzroy Square, 
with a laboratory, which he kept strictly private. There were 
good reasons for this secrecy* for he soon perfected a means of 
making platinum malleable, and from the sale of the prepared 
metal, and by supervising the construction of vessels therefrom 
for chemical manufacture, he acquired a fortune of some £30,000. 
His accuracy of manipulation and observation led him to discover 
palladium and rhodium in platinum ores, but, with characteristic 
caution, he declined to identify himself with these important 
discoveries until their veracity had been established beyond ail 
doubt* 

Tiiere were striking differences of temperament and attainments 
between Wollaston and his friend Sir Humphry Davy. These are 
dearly and concisely depicted in Tin Life of Davy* by J. A. Paris, 
who says that the animating principle of Davy's mind was a power¬ 
ful imagination, generalising phenomena and easting them into 
new combinations, whereas the striking characteristic of Wollas¬ 
ton S s genius was an almost superhuman perception of minute 
detail. Davy was ever imagining some tiling greater than he 
knew ; Wollaston always knew somethirig more than he acknow¬ 
ledged, In Wollaston the predominant principle was to avoid 
error ; in Davy it was the desire to discover truth. Each attained 
similar ends, but by different methods and on different planes. 
Davy's separation of the alkaline metals was 11 the product of a 
comprehensive investigation which had developed a new order of 
principles tB ; the detection of palladium and rhodium by Wollaston 
was il the reward of delicate manipulation and microscopic 
scrutiny," 

In his day, Wollaston was rightly accounted one of the fore¬ 
most scientists in Europe. He was awarded the Copley medal 
in 1802, was Secretary of the Royal Society from 1804 to 1810, 
was later Vice-President on many occasions; also elected President 
on June "20th, 1820, occupying this position until November 30th 
in the same year \ he might have been President in succession to 
Sir Joseph Banks, but chivalrously stood down in favour of Sir 
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Humphry Davy, Altogether Wollaston published some liftv-six 
papers, mostly before the Royal Society, on such diverse subjects 
as pathology, physiology, chemistry, optics, mineralogy, crystallo¬ 
graphy, astronomy, electricity, mechanics and botany. All his 
writings are characterised by a commendable clarity and brevity 
of expression. He took a leading part in clarifying the theories of 
chemical action, he invented many valuable optical instruments 
and devices, and it was he who suggested the “ imperial gallon ” 
(containing 10 lb. of water at a stated temperature) that was 
adopted by the Weights and Measures Act, 1*24. Shortly before 
Ins death he recorded for publication his method of rendering 
platinum malleable, a successful process which he liad hitherto 
kept secret. Tin's was given in Ins Raker inn Lecture “ On a Method 
of Rendering Plat inn Malleable, 1 ' rend before the Royal Society on 
November 20th, 1828. 

Though he died at the early age of sixty years and did not 
embark seriously on his chemical, optical ami other investigations 
until after his retirement from medical practice, Wollaston crowded 
an immense amount of valuable work into the last twenty-six 
year, of his l ife. Of him it may truly be said that he lived respected 
anil died regretted, and Faraday in particular pays tribute to 

the generous assistance which he gave to the researches on steel 
alloys. 


William Hasledixe Pefys, F.K.S. (1775-1*56) 

Air. Pepy-s who k Jess well known than he deserves to he, was 
born in London, in 1775. the son of a cutler and maker of surgical 
instruments. Apparently he followed his father’s business, at any 
rate fora time, but he later acquired a high reputation as an instru¬ 
ment maker. He had remarkable skill and ingenuity in the con¬ 
struction ui apparatus which contributed materially to the pro¬ 
gress of chemical science for some thirty years ur more. He 
supervised the construction of the powerful voltaic battery of 2,Ouo 
double plates for the Royal Institution laboratory mid helped 
Davy ui some of his electromagnetic investigations. In addition, 
he conducted researches on respiration, in conjunction with 
Ilham Allen : he published many papers ; and he was one of the 
founders of the Askesian Society (17'ifJ), one of the managers 
™ “f r f nd(,n Institution (1*07), and later honorary secretary of 
hat body (1821). He was elected Fellow of the Roval SocieU- in 
. 1 A, " UIl f T lus ™ rks ^ analysis of Shetland iron and an 

tkm^n ^ ^ P *!* 15 elating to the Royal Institu- 

turn* nutt m Lbe British Museum library; 
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Thus Mx. Pcpys, like his fellow-tradesman. James Stodart, 
acquired considerable distinction as a man of science, but, says the 
biographer of SLodart in The English Encydopadia (185"}, 44 it is 
a remarkable illustration of the manner in which intellectual endow¬ 
ments are distributed among different minds that Mr. Pepys, who 
also had an opportunity of making himself acquainted with wootz, 
though possessing equal professional skill and probably greater 
scientific qualifications, failed to recognise its superiority. 1 ' 

Be that as it may, on the other hand, much credit is due to Pcpys 
for his ingenious experiment on the “ stcclification of iron by 
diamond powder.* By heating electrically a wire of pure soft 
iron, containing a pinch of diamond powder in a notch, he proved 
that the iron was converted into blistered steel where it had been 
in contact with the diamond, the diamond itself disappearing in 
the course of the experiment. Further reference to this important 
experiment is made on p. 130* 

Pepys was one of those with w hom Sir Humphry Davy discussed 
Faraday’s letter of application for employment at the Royal 
Institution in 1813, and it is evident that Faraday and Pcpys were 
subsequently brought together on various investigations, for Davy 
records Studart’s assistance with that of Pepys, Allen and Faraday 
in the experiments he made at the Royal Institution and the London 
Institution on the magnetic phenomena produced by electricity. 
The paper describing this work forms part of the Phtiosophieai 
Transactions for February, 1821. 

Four razors bearing the name of Pepys have been preserved 
at the Royal Institution and, by the courtesy of the Managers, the 
author has been permitted to subject one of these to an examina¬ 
tion, the results of which are given on p. 241 of this book. 

Dr. John George Chilfuikn. F.R.S. (1777-1852) 

Bom cm May 18th, 1777, at Ferox nail, Tonbridge, and educated 
at the Tonbridge Grammar School, Eton, and Queens’ College, 
Cambridge, Dr. Children was a widely travelled man of great and 
varied attainments. Originally intended for the Church, the early 
death of his wife led liim to travel in Southern Europe and the 
United States. On his return he devoted himself to scientific 
pursuits and, in the course of his studies of mineralogy, chemistry 
and galvanism, he became acquainted with Davy, Wollaston and 
other leading scientists of that day. He was elected a Fellow' of 
the Royal Society in 1807, and soon afterwards performed some 
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interesting investigations with very large voltaic batteries. After 
travelling in Spain, be resumed these investigations and published 
a further paper on the subject in 1815. During the period 1819 
1822 he published translations first of Thernard’s Essay an Chemical 
Analysis, and then of Berzelius 1 Treatise on the Use of the Blowpipe 
with additional experiments and notes. In 1824 he "derived 
considerable profit 11 by selling to several South American mining 
companies the right to use a new method which he had discovered 
for extracting silver from its ores without amalgamation. From 
1S16 to 1039 he was one of the Librarians of the British Museum 
in the Department of Antiquities (later Natural History), and 
during 1820-27 and from 1839 to 1837 he was Secretary to the 
Royal Society. 

It was tins eminent chemist who made a number of analyses for 
Faraday, as he acknowledged on several occasions, and no doubt 
Faraday owed a good deal of his early knowledge of chemical 
manipulation to the influence and assistance of Dr. Children. 

Sift Himrn&Y Davy, P,R.S. (1778-1829) 

Notwithstanding a certain precipitancy of mind which some¬ 
times led him to erroneous conclusions, and certain personal traits 
which sometimes led to offence, Humphry Davy whs one of the most 
versatile and brilliant of English chemists and humanity owes 
much to his discoveries. Perhaps the best known of his many works 
was the invention of the miner’s safety Lamp, simple in itself but 
tiie means of saving innumerable lives. Apart, however, from this 
eminently practical invention, which Ls still often associated with 
his name ^and still used substantially as he devised it, Davy made 
many important discoveries in the field of chemistry* Even if he 
had no other claim to fame—and actually he had many—he would 
still be entitled to the enduring gratitude of the human race, for 
he wils the man who gave Faraday bis opportunity and, no doubt, 
in large measure Ids early inspiration. As related on page II 
of this book, Faraday secured his first position at the Royal 
Institution as the direct outcome of notes which he took and 
subsequently wrote up from four lectures delivered by Davy 
shortly before he resigned his position as lecturer in 1812, The 
fourth of the lectures was a very comprehensive and important one 
on Metals, and may well have had its influence in guiding Faraday 
towards his researches on steed alloys, 

Horn in C ornwall, in the year 1778, Davy appears Lo have shown 
no distinction at school, but at the age of sixteen he lost his father, 
and thereupon became apprenticed to an apothecary, and began to 
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study in eamest, with a view to becoming a medical practitioner * 
Soon the range of his studies, together with his brilliant capabilities, 
attracted favourable notice, and by the time he was twenty years 
of age he was superintendent of the Medical Pneumatic Institution 
at Bristol, Within a few months he had attracted widespread 
attention by his researches on nitrous oxide, and this led to his 
being appointed lecturer in chemistry and director of the labora¬ 
tory in the newly established Royal Institution* In May, 1802, 
he was given the rank of professor, and thereafter his rise to fame 
was rapid. P -Vs a lecturer he w T as remarkably popular, and the 
theatre of the Royal Institution was crowded tu the full to hear 
him and to witness his many ingenious experiments. lie was 
elected a Fellow of the Royal Society in 1803, knighted In Mil!, 
created a baronet in 1818, chosen as President of the Royal 
Society in 1820, and died nt Geneva in 1829, aged cully fifty-one 
years. 

The range of liis investigations w T as immense, mid this is not the 
place to attempt a comprehensive survey of them, particularly as 
they are already treated fully in several excellent works of bio¬ 
graphy. Davy's main researches at the Royal Institution were 
those relating to electrochemistry. In this field he added greatly 
to previous knowledge and laid some of the foundations of modern 
electrolytic industries, his work being brilliantly amplified by 
Faraday in later years,. His success in the electrolytic preparation 
of potassium and sodium (1837) brought him intcrmiLiomil recogni¬ 
tion. and his reputation was further enhanced by his continued 
investigations in clectrocheniisLrv and concerning the nature and 
properties of various elements and compounds. Davy made known 
Ins discovery of the alkaline metals in a paper read before the Roya! 
Society in 1807. By aid of electro lysis he decomposed potash and 
soda, thus obtaining the metals potassium and sodium. In 
recognition of these important discoveries, the French Academy 
awarded him the prize of 50,000 francs offered by the Emperor 
Napoleon for researches in electricity. Davy did not succeed in 
producing aluminium by electrolysis, but this was accomplished 
later, and to-day it can truly be said that vast electrochemical 
industries are founded largely on Davy's work. 

Following upon the famous Continental tour of 1813-1815, 
referred to on pages 11 and 12, on which be was accompanied by 
Faraday as “assistant in experiments and writings 11 — a tour 
which was of incalculable value to Faraday—Davy tackled and 
solved the problem of devising a safety lamp for miners. 
Incidentally, he laid down principles which are now applied in the 
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construction of “ flame-proof " enclosures of electric motors and 
similar apparatus for use in explosive atmospheres. Though he 
gave up his position as lecturer at the Royal Institution in 1812, 
Davy was re-elected professor of chemistry' a few months later. 
Ilf was appointed Honorary Professor of Chemistry in 1818. the 
year in which he commenced his Continental tour, and this 
appointment he held until the year 1828. 

His later work during the period I818-1S25 included the 
examination of the papyri of Herculaneum, various electrical 
experiments, consideration of the applications of liquefied gases, 
and attempts to preserve the copper sheathing of ship hulls, 
f rom about the year 1823 his health began to fail, and he died 
six years Inter alter a meteoric career of remarkable brilliance. 

Da, iiAxiuEL Hunter Christie, F.R.S. (1784-1865) 

This well-known mathematician and physicist was a son of 
James Christie the auctioneer, who founded the world-famous 

Christies. In 180G, at the age of twenty-two years, Samuel 
Hunter Christie was appointed third mathematical assistant at 
the Royal Military Academy, Woolwich, and he was subsequently 
promoted to second mathematical assistant In IS2T. and to the 
professorship of mathematics in 1838. 11 is activities also extended 

far beyond the range of mathematics. He was elected a Fellow 
of the Royal Society in 182(1, and was Secretary of that body from 
1837 to 1854. Altogether, he contributed fourteen papem to the 
Philosophical Transactions of the Royal Society, and in 1883 his 
paper on the magne Lie-electric conductivity of metals was the 
Raktrmn Lecture for that year. His work contributed materially 
to the adv ance of magnetic science, and iL is interesting to recall 
that lie was the actual inventor, in 1838, of the invaluable electrical 
measuring device commonly known as the 11 Wheatstone Bridge/' 
In tliis and other directions, Christie did much to facilitate quanti¬ 
tative electrical and magnetic measurements, the need for which 
was much enhanced by Faraday’s discoveries and the developments 
to w hich they led. 

In a special note in Jus diary under date June 28 th. 1824, which 
' s reproduced on p. 125, Faraday refers to the preparation of a 
nickel steel alloy ” for Mr. Christie.'’ In view of the active interest 
oi Ur. S. II. t lirixtie, F.R.S., at the Royal Military Academy, 
Woolwich, in magnetic Investigations, there ran be little doubt 
that Faraday prepared this material for his friend’s experiments. 

In his Bukcrian Lecture Dr. Christie made Die following 
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interesting statement In relation to the great work of Famday 
and how important it was regarded even nt that time (February, 
1832} :— 

,K Mr. Faraday's highly interesting paper entitled 'Experimental 
Research in Electricity ’ having been referred to me, to review on, by 
the President and Council of this Society, 1 instantly entered minutely 
into nil the experiments and conclusions of the author and the more so 
after I had had the advantage of witnessing many of the most impor¬ 
tant of these experiments. It is foreign to my present purpose to 
dlscant upon the value of Mr. Faraday's discovery or the merits of 
his cnriiinijnicntinn T the President and Council have marked their 
opinion of this by the award of the Copley Medal to him. and to sav 
Hint no one could concur more closely than I do in the propriety of 
the award/' 

Professor William Thomas Bean pb, FJLS. (1788-1806) 

Though, like Davy, he was originally apprenticed to an apothe- 
ear\' and intended tor Hie profession of medicine, William Thomas 
Brando was so keenly interested in chemistry and studied tins 
subject to such good purpose in his leisure hours that lie was 
appointed Professor of Chemistry to the Apothecaries 1 Society 
in 1812; at the age of twenty-tour yen*. It should be mentioned 

that Ids training in chemistry was under Dr, George Pearson, 
F.ILS., who was concerned with wootz steel. Shortly afterwards 
he delivered a series of lectures in place of Sir Humphry Davy, 
whom he succeeded as Professor of Chemistry at the Royal 
Institution In 1813, He worked al the Royal Institution until 
1852 and was Honorary Professor from 1852 to 1858. He often 
helped Faraday, not merely by affording instruction and advice 
during his younger days, hut also by consultation and in other 
ways when Faraday himself had become a chemist of established 
international reputation. Bmndc’s Manual of Chemistry, first 
published in 1818, w as a recognised text book in its dav; a later 
edition, published in 1841 p contained over 1,400 pages. Its author 
was undoubtedly one of the leaders in the chemical Held at that 
time. As an instance of the close relations that existed between 
llmnde and Faraday, it may be recalled that Braude says, in the 
preface of his famous book ■ “ Much of this work has been written 
in the Laboratory , * . w here I have uniformly received the active 
and able assistance of Mr + M. Faraday, whose accuracy and skill as 
an operator have proved of essential service in alt my proceedings/" 
When Faraday accompanied Davy on Ids Continental tour be 
had to resign his position at the Royal Institution, and it was 
at the suggestion of Professor Braude, at a meeting of the managers 
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on May lath, 1815, that he was reappointed, at a salary of fliirtv 
shillings 11 week, on his return in 1815, Faraday was engaged as 
assistant in the laboratory and raineralogical section ami superin¬ 
tendent of the apparat us under the direction of Professor Braude, 
and nest year tie was granted an increase in s alar y to 1100 per 
annum in consideration of the additional duties imposed upon him 
by the lectures of that professor. In 1810, Rmndc obtained 
additional accommodation for Faraday and, in 1821, Faraday was 
appointed superintendent of the house and laboratory in the absence 
of Professor Bnuide. From this it is clear that at any rate the lirst 
group of Faraday'‘s investigations of steel alloys whs conducted 
while he was assistant to Professor Braude. 

WIdle still a boy Brands became acquainted with a Mr. Charles 
Hatchett, who gave him much instruction in chemistry, minora- 
logical analysis, and the classification of ores and rocks, Mr. 
Hatchett, also gave him specimens, which formed the nucleus of 
the series used in later years for the lectures and elapses of the 
Royal Institution. 

In connection with our present investigation it is specially interest¬ 
ing to recall that Prufessor Bmnde was consulted by the Government, 
in 1823, on the manufacture of iron and steel with a view to obtain¬ 
ing better material for the dies used to strike coinage. For many 
years, too, he was superintendent of the die department, and in 
1851 he was appointed chief officer of the coinage department 
at the Mint. The fact Lhat Braude was consulted bv the Govern¬ 
ment at a date when bis assistant Faraday was still engaged on his 
researches on steel alloys leaves no doubt that Faraday must 
have received valuable counsel and advice from bis chief. It is 
highly probable that Faraday’s reference to lhe trials uf certain 
of Ids alloys at the Mint, already mentioned on page 13, alluded 
to the problem of obtaining better and more durable dies, and it 
is more than likely that these trials were mode at the instance of 
Professor Braude, who, whilst he did not make any great dis¬ 
coveries, was nevertheless a man of the highest attainments and 
reputation. Moreover, lie performed a vast amounL of useful 
work, the re sults of which were published in some twenty-seven 
papers presented to the Royal Society and in various scientific 
journals during a period of forty years. 

Slum east Anderhok (1790-1868) 

The “ faithful Anderson,” who came to help Faraday in 182”, 
was his zealous and valued assistant for many years, and the 
relations between the two men afford a happy example of perfect 
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confidence and mutual trust. It is said that it to hardly necessary 
for them to speak ag they understood each other's thoughts. 
Anderson was proud and happy to be in the service of a master 
whose discoveries were so numerous and brilliant, and Michael 
Faraday was no less appreciative of the sterling qualities of on 
assistant so much after Ms own heart. 

Tt is related in Sir Henry Roscoe's book on Faraday's life 
and work that, on tine occasion, Faraday ordered ,+ thr faithful 
Anderson " to stir a certain chemical preparation until his return h 
which normally would have been an hour or so later. For some 
reason, however, Faraday did not return to the laboratory that 
evening, with the result that Anderson was found next morning 
still patiently stirring the pot. 

Though he was probably able to contribute very little in the 
way of original thought and observation, it is evident that Anderson 
greatly helped Faraday in his labours by giving that, implicit 
obedience and devoted service which count for so much in any 
walk of life, and certainly not least in the long sequence of careful 
operations needed to bring any scientific work to a successful 
conclusion. 

It was Anderson, too T who greatly helped in looking after the 
glass researches carried out at the Royal Institution and elsewhere 
by Faraday in the years 1S20 to 182$* 

Faraday* in a letter under date February 3rd, iHLtS, described 
his faithful assistant in the fed lowing words, which show the intimate 
relationship with his assistant : 

“ Anderson came to assist in the glass-house fur the -service of science 
in Septenil>er t 1827, where lie remained working until about 1830. 

11 Then fur n while he was retained by myself until in 1S32 he was 
in the sendee of the Koval Institution, and paid by it. 

14 From that lime to the present he has remained with that body, 
and has obtained their constant approbation. 

14 Mr, Anderson still remains with tis s and is in character what lie 
has ever been. 

44 He and I an? companions in years, in work, mid in the Royal 
Institution. 

44 Mr, Anderson was 73 years of age on 12 Hi of last moiiLh. 

“ He is a widower, hut has a daughter to keep his house for him. 

^ We wish him not to mme to the Royal Institution save when he 
is well enough to make it a pleasure, but he seems to be happy being 
so employed.” 

Mrs, Jane Mahcbt (1789-1833) 

Mrs. Jane Mareet was born in 1769, living eighty-nine years, 
and was the wife of Dr. Alexander J* C, Marret s Honorary 
Professor of Chemistry at Geneva. 
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Her son, Mr, Francis Marcet, was elected F.R.S. in 1864, and 
wrote several papers with Professor A- A* de la Rive, F.R r 5. 

Faraday repeatedly spoke of her with gratitude as having 
greatly assisted and influenced him by her famous book p Cm- 
tvr&uliam on Chemistry, 1806, and other productions. 

lu a letter to Professor A. A. de la Rive lie said; 44 When I ques¬ 
tioned Mrs. MareePs book by such little experiments as I could find 
means to perform, and found it true to the facts us T could under¬ 
stand them, I felt that I had got hold of an anchor in chemical 
knowledge, and clung fast to it. Thence my deep veneration for 
Mrs. Marcel;: first, as one who had conferred great personal good 
and pleasure on me* and then as one able to convey the truth and 
principle of those boundless fields of knowledge which concern 
natural things, to the young, untaught, and inquiring mind.” 

Professor Charles Caboard hr la Rive (1770-1831) 

Professor Gaspard de la Rive was a magistrate, physician and 
chemist studying medicine at Edinburgh, receiving the Doctorate 
in 1797, and also studied in London* He was made Honorary 
Professor of Pharmaceutical Chemistry at the University of 
Geneva, meeting Faraday there in the year 1SL5, and forming 
with him a close friendship extending over many years* It was 
to Professor Charles Gaspard de la Rive that Faraday addressed 
the important letters on !h Sted and AHoys." 

Professor Arthur Auguste de la Hive, F.K.S. (1801-1873) 

The son of Professor C r Gaspard de hi Rive, and a celebrated 
physicist. He studied physics and chemistry, occupying the Chair 
of Physics at the University of Geneva. When quite young he 
cm operated in the experiments of Ampere. 

Like his father* he corresponded with Faraday for many years, 
and there was a dose and lifelong friendship between them. 
Professor A. A + de la Rive was in 1SG4 elected one of the eight 
foreign Associates of the Academic des Sciences, Paris. 

Dr. John Percy, F.R.S. (1-B17-16S9) 

This well-known metallurgist is of special interest in connection 
with the subject of this book. About twenty-sis years younger 
than Faraday, he was still a child when the researches on “ Steel 
and Alloys #fc were in progress at the Royal Institution. In later 
years, however, Percy became intimate with Faraday and in 1803 
he asked Faraday the whereabouts of his specimens of alloy steels, 
doubtless with the intention of subjecting them to analysis and 
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incorporating further information concerning them in his famous 
treatise; Iron and SteeL As explained on p, 126, Faraday was by 
that lime unable to remember what had happened to the specimens 
or where they might he found. 

Apart from this unsuccessful attempt to obtain possession of 
Faraday’s specimens for examination, Percy deserves specially to 
be mentioned in this book because of his great influence on the 
development of scientific metallurgy* during the period of nearly 
fifty years, from about 1840 until the time of his death. 

From his early youth Percy was greatly intiTcsted in chemistry, 
and he had first desired to become a chemist. Yielding to his 
father's persuasion to graduate in medicine* he was appointed 
physician to the Queen's Hospital. Birmingham, in 183R. The 
various metal-working industries in \ hat neighbourhood soon routed 
an interest in metallurgy, and after being elected a Fellow of the 
Royal Society in 1817, he published Ins invention of a new method 
of extracting silver from iLs ores in 1818. He was appointed, in 
1851, lecturer on metallurgy lit the Government School of Hines 
and of Science applied to the Arts, later known as the Royal 
School of Mines. 

Tliis post was subsequently made a professorship, and it is 
impossible to exaggerate the value of Percy's services during the 
period of some twenty-eight years from the date of his appoint¬ 
ment until his resignation in 1879. During that period his pupils 
included famous metallurgists* and many metallurgical improve* 
ments were suggested by, or arose from, his work. Among these 
developments was the Thomas-Gilchrist process for making 
Bessemer steel from phosphoric ores. 

In addition to his invaluable services as lecturer and teacher, 

Dr. Percy analysed many specimens rd iron and steel collected by 

his friend Mr, 5* H, Bake well, and undertook 44 the first serious 

attempt at a survey of our national resources as regard 1 * ores of 
+ *. 

UOIL 

Hb classic work, Irim and Skd t the first modem work of its 
kind, contained some pages of scientific description and 

discussion of metallurgical processes and problems, 

A man of wide interests, including chemistry, medicine, botany, 
mineralogy^, art, social and political problems* as well as metal¬ 
lurgy, Percy had many friends. He took an extensive interest in 
public affairs and was a member of several Government commis¬ 
sions. He was awarded the Bessemer Medal of the Iron and Steel 
Institute in 1870, and was President of that body in 1885-1886. 
He was awarded the Millar Prize of the Institution of Civil 
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Engineers in 18S7, and received tlie Albert Medal of the Society of 
Arts on bis death-bed, with the words, 11 My work is done," 

The metallurgical specimens now preserved at South Kensington 
form an appropriate memorial to one who did so much to advance 
metallurgy* 

Pbofessob John Tyndall* F.R,S. (1820-1803) 

For many years the friend of Faraday, and ultimately his 
successor as Superintendent of the Royal Institution, Tyndall was 
one of the most brilliant and popular teachers of his generation. 
He carried on the work commenced by Faraday in this field with 
remarkable Success, and his name h associated equally with those 
of Darwin and Iiuxlcy in the move merit which brought science to 
its present relation with modem thought and life. Like Faraday 
himself, Tyndall had no advantages of birth or station, and fie won 
his way to international recognition as one of the greatest physicists 
of the nineteenth century in the face of many difficulties. He first 
made Faraday *s acquaintance in 1850 and he was appointed 
Professor nf Natural Philosophy at the Royal Institution in 1853, 
In his disregard for personal gain, as well as by his widespread and 
beneficial influence on popular interest in science, Tyndall bore 
much resemblance to Faraday, He made many contributions to 
knowledge in the domain of physics, and it would be difficult to 
over-estimate hi.s inspiring influence on all who came within his 
sphere. 


The author is indebted to the Royal Society for several of the 
portraits and signatures shown in Plates TIL* YU*, VIII*, IX. y 
XII-; to the Royal Institution for Plates V„ XL, XIV*, XVL P 
XXL; to the Iron and Steel Institute for Plate XX.; to the 
University of Geneva for Plates XVTIL, XIX., and XXV* The 
author begs to extend his best thanks to the Institutions for the 
kind permission given to present these portraits in this book. 
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CHAPTER IV 


EARLY WORKERS IN METALLURGY 

Ages of Emhhkhkm 

In order that the merit of Faraday's work on 41 steel ant! 
alloys may be fully appreciated p it is necessary to bear in mind 
not only the comparatively primitive resources then available in 
the way td scientific equipment, but also the extremely limited 
amount of scientific knowledge concerning the properties of iron 
and steel. Iron had been used for thousands of years in some ports 
of tlie world, and tools and weapons of carbon steel had been made 
with varying degrees of success by the smiths of many nations during 
the intervening period. Aristotle (381 S2t> b.c.) described the manu¬ 
facture of Indian steel more than 2 f 000 years ago $ the remarkable 
Iron Pillar of Delhi, analysed by flic author and found to consist of 
nearly pure iron, was probably made about a.d. 300 ; and Chaucer, 
in his Canterbury Tales (1370), says of one of his characters: " A 
Shefeld thwyte! bare he in hts hose,” showing that Sheffield cutlery 
was well known and esteemed nearly €00 years ago. The methods 
of the early workers in iron and steel w ere, how ever, quite empirical. 
By trial and error, they had found how- to prepare and manipulate 
their materials p and tills knowledge was handed down from father 
to son. In point of practical skill, the smiths of bygnne ages w ere 
remarkably proficient; in fact* we should probably find it difficult 
to equal their results to-day if we were given only their materials 
and resources. They were, however, subject to the inevitable 
imitations of empiricism* Their methods were u rule of thumb,'” 
and they did not understand how or why their results were 
obtained* As a consequence it w as difficult to distinguish between 
essentials and the flummery of mysterious quenching mixtures and 
other “secrets*” Progress was necessarily difficult and slow, and 
all the greater credit is due to those who gradually built up the 
scientific knowledge which made possible such rapid advances in 
later years. 

Early Workers 

Up to the end of the eighteenth century and, indeed, during the 
first quarter of the nineteenth century—which brings us pasl the 
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conclusion of Faraday's work on steel alloys, for his last-recorded 
experiments were made in 1824—the state of knowledge and 
practice in the iron and steel industry was very rudimentary. 
Perhaps the best means of illustrating this fact is by giving a list 
of those who may fairly be termed early workers in scientific 
metallurgy. It is surprising how comparatively recently many 
important discoveries and inventions have been made: 

JJud Dudley (England, 1580-1884), first smelted iron with pit coal. 

Simon Sturtevant (England), dealt In his AletaUica with the use of 
coal for smelting (1812). 

Sir John Ptttus (England, 1613-1890), author of metallurgical 
works, 

Andrew Yammton (England, 1616-1884), introduced tin-plate 
manufacture. 

Benjamin Huntsman (England, 1704-1776), manufacturer, perfected 
the manufacture of crucible cast stecL 

Abral)am Darby (England. 1711-1763), used coke for smelting, 

Richard Ivirwan (Ireland, 1733—1812), author, was one of the earliest 
writers on mineralogy. 

Henry Cnrt (England, 1746-1800), engineer, introduced puddling 
and the use of grooved rolls. 

William Reynolds (England, 1758-1808), patented (1799) the use 
of manganese oxide for steel manufacture. 

David Mushet (England, 1772-1847), metallurgist, author, dis- 
rovcTcd black-hanc] ore. 

Robert Sterling (Scotland, 179tM876}, patented the regenerative 
principle (1817). 

James Beaumont Neilson (Scotland, 1792-1885), invented the hot- 
blast (1826). 

With the exception of crucible steel and shear steel, the ferrous 
metals in use at the tinie when k aruday carried out his rpsearclics 
on steel alloys were cast iron, wrought iron and puddled steel. 
At the time of its introduction, the crucible steel process invented 
by Benjamin Huntsman represented a great advance. 

Benjamin Huntsman and Crucible Steel 

In the author’s papers to the American Institute of Mining 
Engineers on “ Benjamin Huntsman, of Sheffield, the Inventor of 
Crucible Steel,” read in February, 1894, and to the Iron and Steel 
Institute on 11 The Early History of Crucible Steel," August, 1894. 
there was included a Report on Huntsman's Cast Steel by Foumess 
and Ashworth, Engineers to their Hoyal Highnesses The Prince 
of Wales and Duke of Clarence. This report was written on 
March 28th, 1792, and describes the practice then prevailing, 
which was substantially the same as when Stodart and Faraday 
made their experiments in 1810-1824. 

















PLATE X\l\ 



i’KMKVl VmtN Fl » Dl'II.T ll> Denjavix 

Hit Vi's MJtff tHiHT 1730. 


iJ’Nhm u phut ii^nlpll l^pnied hv the latii Proftsimr 
,L O \mokl* F.H.M,) 


Tff fw f* p. 30.1 



early workers is metallurgy 


50 


Curiously enough, some of the descriptive language employed by 
Foumess and Ashworth, relating to ordinary crucible cast steel ol' 
carbon type, is very similar to tlmt which Faraday used in regard 
to Ills special alloys, for example: " It is calculated also to take 
the highest polish; therefore, for burnishing tools, and plates to 
beat or roll any kind of metal to a line surface upon, it possesses a 
decided superiority.” Again, “ ns a hint to opticians, it is probable 
this steel would admit of a polish sufficient for speculums ; for 
mirrors it is particularly suitable. By a judicious workman, a 
plate of this Steel can be laid to, and united firmly with any 
malleable iron or steel, of even an ordinary kind.” 

As a comparison, the Huntsman crucible east steel referred to 
in the above-mentioned paper, "The Early History of Crucible 
Steel,” was analysed by the author, with the following result: 

C, Si. S. P, Mm 

1-4<J 0-17 0*47 0*017 0*18 per cent. 

It will be seen that this steel is very much the same composition 
as that made by Faraday as shown in Croup K.'J of Table V. 

It will also be noticed bow* low the manganese percentage is, 
namely, 0-18 per cent,, in this Huntsman steel. In all the steels 
made by Faraday there is even less of this dement, in fact, in most 
cases only a trace of manganese is found. This point is again 
referred to later in this book. 

Full credit is given generally to Benjamin Huntsman for his 
work in connection with crucible steel, specially as regards its 
production in this country. In support of this opinion, attention 
may be drawn to the remarkable statement by l>r. John Percy, 
F.R.S., President of the Iron and Steel Institute in 1885, one of 
the leading post authorities in metallurgy, who said : 

“ Formerly, so fur as I am aware, steel was never melted and cost 
after its production ; and in only one instance, via. I hut of wootz stee l, 
was it ever molten during its production. Indeed, by the founding ami 
costing of steel after its production its hi-U-togencousncss is remedied, 
and ingots of the metal can lie produced perfectly of uniform compos it ion 
throughout; ond for the practical solution of this imjwrUmt problem 
we ore indebted In Benjamin Huntsman of Shefheld.” 

Also, as the author pointed out in his paper in 18!)4, already 
mentioned, an American journal of that date appropriately 
remarked : 

" Uuntsuinn’s patient efforts, at last rewarded with success, entitle 
him to an elevated niche among the lu-na-s of industry. The invention 
of cast steel wsrs second in importance to no previous event iu the world’s 
history, unless it may have been the invention of printing.” 
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It Ls interesting to note that in 1787 a Sheffield directory gave 
the names of five firm* producing crucible steel. 

Early Worked is Alloy Stlljs 

I hough Faraday was Hie first to engage in anything in the 
nature of a preconceived researc h concerning a series of alloy 
steels, isolated alloys hud been made before his time T and, strictly 
speaking, those who first discovered them, also the alloying 
elements, nickel, chromium, manganese, mu I others, arc justly 
entitled to be considered curly workers in the held of alloy steels. 
The first step towards making any alloy is to obtain the ingredients I 
In his presidential address to the Iron and .Steel Institute, in 
1^05. devoted to alloys of iron with other elements Lhc author 
gave credit to those early workers, CruJi&tedt, Schcole, Bergman, 
Hinmait, Yauqviclm and others, for their splendid work. Also, in 
his paper *’ TFie Development nf Alloy Steels/* presented to the 
Empire Mining and Metallurgical Congress, in 11*25, the author 
reviewed the historical side of the subject before proceeding to a 
consideration of modern alloy steels* This is not the place in which 
to repeat such a survey' in any considerable detail, hut brief notes 
on the discovery and isolation of certain of the special elements 
used by Faraday will help the reader to a better appreciation 
of liis work by showing that many of these elements hud onlv 
hern discovered a comparatively short time before he con¬ 
ceived the idea of investigating their alloy s with both iron and 
steel. 

Chromium was discovered hy Louis Nicholas Vsuquelin (France) in 
17U7, 

Iridium was d Levered by Smithson Tennant, in 1&03, In the course 
of examining platinum ores* 

SkkcL —Axel Frederic Croustedt (SwedenJ recorded in 1751 that 
he had extracted a new metal-inicfccl from its ore. This was 
confirmed in 1775 hy Berjrniarh and subsequently the work 
was completed in mm by Richter in Berlin. 

Palladium was discovered by W. II. Wollaston in 1303. 

Platinum .—The so-called "native platinum/* in reality a platinum 
urc, appears to have been known in South America long before 
it was noted hy the Spanish explorer fie la Torre during Elis 
travrh with a French expedition, 1735 1713, Sir William 
W liLsoii is believed to have Wen the first to subject the mineral 
to scientific' examinni ion and recognise it as a metal hitherto 
unknown (1750). Singularly enough its price in Faraday's 
time was only 20#. an ounce, whereas it is six to seven times 
ns much now. 

Rhodium was discovered in crude platinum ore hv W. H. Wollaston 
in 13413. 
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Osmium was 11 rst oh I Limed from platinum ores by Smithson Teiman I 
in 1803. 

TttamtiHi was discovered by Martin Heinrich Klaproth (Gemiany) 
in 1704. 

Silicon was isolated by Jons Jakob Berzelius [ 1770-184-K), who was 
the originator of ihr theory of allotropy. 

.tftimiuiiiw .—Magraff, in 1754, showed that alumina was a metallic 
oxide, but Wohler may be said to have been f l ic true discoverer 
of the metal in 1H27 ; whilst St. ClaJie Ikviltep in France, 
tiunity perfected the method upon which most of tire modern 
work lias been formed. Sir Humphry Davy, who produced 
sodium and potassium by electrolysis, did not succeed in 
separating aluminium by this met!sod. 

It is not always realised how much the subsequent progress of 
metallurgy was facilitated by the great work done in Sweden 
during tlie eighteenth century in (lie discovery and isolation of 
elements now used for alloy steels. Thus, apart from discoveries 
noted ill the above list, which refers chiefly to the rarer metals 
used by Faraday, then was the discovery of cobalt by G. Brandt 
in ITJrb Find the discovery of manganese 1 1774}, molybdenum and 
other dements by Karl Wilhelm Seheefe (1742-1788)* Riturum, 
about 1777, noticed thul manganese deprived iron of its magnetic 
qualities. Uranium was discovered by Martin Heinrich Klaproth 
[Germany) in 17811; and the discovery of tungsten arose from the 
work of Bergman, in Sweden, and the brothers de Elhuyar, in Spain, 
in 1703. Tellurium was discovered by von Rciclicnbaeh in 1782. 

From this brief survey it will be seen that Faraday's career 
wus Commenced at a date which was in a way opportune for 
research on alloys of steel, though no other investigator had realised 
t he fact. Those who first isolated the rarer elements + generally with 
great difficulty and in very small quantities, would hardly have 
either the desire or the opportunity of alloying them with steel. 
By the time Faraday started work at the Royal Institution quite 
a number of these special elements were know n, and supplies w ere 
available in larger quantities, particularly to Faraday, by the 
generosity of Dr. Wollaston* It was typical of the genius of Faraday 
that* seeking to make steels of special qualities, he should conceive 
the idea of making a whole series of alloys with these special 
dements, with a base of both wrought iron and steel. 

Engineering and Metao.irgical Developments of 
tiek Period 1820-1830 

Though ea-st iron, wrought iron and puddled steel, with crucible 
east sted for special purposes, met practically all requirements 
until about the middle of the nineteenth century, or even later, it 
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must not he overlooked that there was considerable aetiviLy in 
regard to engineering and mctallurgicid developments just about 
the time 1S1 t 1,824, representing the first phase of Faraday L s busy 
life. This fact, which no doubt helped to arouse Faraday's interest 
in the question of improving the qualities of steel by alloying, is 
well illustrated by the frontispiece of an address which the author 
delivered to the Birmingham University Metallurgical Society on 
October 30th t 1925, dealing with the history and progress of 
metallurgical science anti its influence upon modem engineering. 
This frontispiece, 4L The Temple of Science/* which appeared in the 
Engineers' and Mechanics* E^ri/rhprrdia, published in 1B3;>, 
represented allegoriw&IIy the views prevailing in the nineteenth 
century with regard to science and its application. The illustration 
which is shown in Plate XX III. claimed to comprehend lt Practical 
illustrations of the machinery process employed In every descrip¬ 
tion of manufacture of the British Empire/ 1 It showed* in the 
distance, the first locomotive drawing railway carriages, filled with 
coal or with the gentry of the day wearing top hats/ 1 In the air 
is ini airship or dirigible balloon ; in the background a demon¬ 
stration of the Torricellian vacuum ; and an apparatus for the 
demonstration of static! electricity * In the foreground ran be seen 
allegorical figures examining plans of mechanical inventions* 
including a water-tube boiler and an engine with governor. The 
foreground is strewn with various tools and apparatus relating to 
engineering, metallurgy and chemistry. 

The first locomotive made by George Stephenson in 1814 
travelled at aljout six miles per hour* whilst the Rocket 9 in 1829* 
possessed what was then considered to be the high sp^cd of tw enty- 
five to thirty-five miles per hour. Nowadays man can travel at 
nearly ten times such speeds by bind and air. The frontispiece of 
less than a century ago seems childish to-day t but it still senes 
a useful purpose by reminding us of some of the principal events 
at the dawn of the Scientific Age. It is only by discovering and 
applying the facts and principles of science in all its branches 
that ive have been aide to advance so rapidly and so far. 

In order to show the extraordinary differences in the demand 
and use of iron and sled to-day as compared with that existing at 
the time when Faraday was making his experiments described in 
this book, on r “ ^ted and Alloys/* the author has prepared the 
following statement which he trusts will be found of general 
interest. He prefaces the information now presented in this 
Statement with the remark that in 191*9 the worlds output of 
steel w as no less than about 4 p O0G times as much as in 1S2G + 
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The writer is indebted for preparing some of the data and 
cheeking aver other parts to his friend, Mr. F. W. Hnrbord* C.BJL, 
President of the Iron and Steel Institute, I927-1&28, and who 
rendered so much help to his country on metallurgical matters 
during the Great War- 

In the early part of the nineteenth century no reliable records 
were kept of the production of pig in m r wrong lit iron* or steel in 
Great Britain, and it is extremely dill leu It lo arrive at the actual 
production. The main products were east or pig iron, and wrought 
iron, as these were the principal materials used for structural 
purposes and the quantity of steel pnxlueed was very small. 
The famous tulmhir bridge over the Meitai Straits was built mainly 
of wrought iron, although some parts were of cast iron- 

In 1790 the production of pig iron hi Great Britain was approxi¬ 
mately 125,000 tons, in 1800 about 250,000 tons, and in 1821 
about 150,000 tons, and also in this latter year about 200,000 tom 
id bar iron were produced- In comparison it may be interesting to 
add Lhat in 1930 there was produced in Great Britain about 
270,000 tons of puddled and scrap bar iron ; finished wrought 
iron amounted to 210,000 tons ; pig iron production was 6 nidi ion 
tons, with 51 million tons of finished steel. 

In 1800 the average weekly output of a blast furnace was 
21 tons of pig Iron and in 1827 w as only 35 tons. To-day a modern 
blast furnace will produce 1,000 tom per day and one furnace in 
America is said to be producing 1,500 tons of pig iron per day, or 
nearly ns much in one day as was produced in 1820 in one year- 
So far as can he ascertained thr total output of all the blast 
furnaces in Great Britain in 1820 was probably not more Gian 
>100,000 tons, and certainly did nut exceed 420,000 tons per annum* 
this being equal tu the output of one modem furnace off the latest 
type! 

The annual production of wrought iron and steel b still more 
diilieult to estimate* but probably the wrought iron produced in 
1820 did not exceed 250,000 tons, and the output of steel of all 
binds, including cemented bars made from imported iron, did not 
exceed 20,000 tons per annum, and the total production of the 
world was probably not more tlam 30,000 tons per annum. Mr. 
Henry Unwin of Sheffield, in giving evidence before a Committee 
of the House of Commons in 1810, stated that the total product inn 
of steel in England about that time was 40,000 tons, and about 
another 40,000 tons wus produced in other countries, so that the 
total output of the world was then approximately 80,000 tons per 
annum. He added that for 1835 the production of steel in Shrflic--Id 
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was 15,000 Lons, so probably the tonnage produced in SliLilield in 
18*20 was not mure than about 12*000 tons* and for the whole of 
Hiighiud f-n Jjiil \\ m 1 4 more than 20,000 tony, chiefly of the “ high 
carbon f+ type. 

Iii 1020 the worlds output of steel was nearly 120 million 
tons, or about LLKJ0 times as much ns in 1820, of which about 
a million tuns were alloy steels, approximately TO per cent, being 
made in the United States, ft must be remembered that prior 
tu 1S50 the whole of the steel was miide by the crucible process* 
with the exception of a small quantity of shear steel made from 
cemented bars, and it was the invention of the Bessemer and 
Siemens processes, follow ed by the Thomas-Gilehrist basic process, 
which brought about the immense developments of the modem 
steel Industry. This In turn made possible the great engineering 
progress in connection with railways, shipbuilding, bridge and 
building construct ion* electrical engineering, and a large number of 
other industries* 

When the basic process was invented hi 1679 the world’s annual 
production of steel w r us 4 million tons; by 1929, a period of 
fifty years, it had increased to over 118 million tom, and of this 
immense production it is safe to say that approximately 90 per 
cent, was made by the basic process. 

Thus in Faraday's time there was no special call for materials 
possessing the properties of modem steel alloys the requirements 
und the environments were quite different from ours—but special 
steels arc now absolutely essential. Without them It would be 
impossible to Imikl the lighter* powerful and durable machinery 
and instruments of the thousand and one types which serve 
civilisation in innumerable ways. 

It is unlikely that all the steels and alloys made by Faraday 
himself at the Royal Institution weighed as much as 1 cwt.. and 
it is still more improbable that the total weight made to his instruc¬ 
tions at Shcllield ever amounted to 1 ton. It was, in fact, an 
historic achievement that so many alloys were made at all, in 
however small quantities. The author's investigations show' that 
iiuhe of Faraday *s alloys was in any way comp amide with modern 
alloys as regards practical utility, but the germ of the idea was 
there and the measure of the importance of Faraday's pioneer 
work in inaugurating research on alloy steels Is to be found in the 
fact that the world's output of special steel products now runs 
into many millions of tons per atm mm and in many eases one ton 
of alloy steel may be said to replace 15 or 29 tons of ordinary steel 
by increased durability and efficiency* 
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Sia Humphry Davy's Notes on Iron 

One of the most curious and convincing proofs of the very 
elementary state of scientific knowledge concerning iron at the 
tmie when Faraday embarked upon his researches is to be found 
in The Collected Work* of Sir Humphry Davy, BarL, Vvl 1 i\ T 
Elements of Chemical Philosophy* This volume was first published 
in 1812, when Davy was about to retire from the Royal Institution- 
In an article in the Quarterly Review , No. 15, written by a very 
able judge, Dr. Thomas Young, the researches on which it was 
based were pronounced to lx- 41 more splendidly successful than 
any which have ever before illustrated the physical sciences in 
any of their department V* not even excepting the optics of Newton, 
W ith such words before us, concerning the collected works of one 
who is rightly regarded sis among the most brilliant chemists of 
his time, we may fciirly regard Davy's notes on “ Iron or Fermm s> 
as indicative of the knowledge then prevailing. The following 
extracts are specially interesting ; 

rhe suit iron employed in the useful nrty is free from any alloy 
(it contains carbon i according to Bowlins 0-5 per tent.), and tlierdbrc 
may be used for the purposes of chemistry. 

" Tlie malleability of mm M though considerable, is inferior to that of 
gold, silver and cupper. Its- ductility and tenacity arc, however, greater; 
it may he drawn into extremely fine wire, and a wire of 0-078 inc h in 
diameter is callable of supporting 5111 25 lb. It requires the highest 
liejit of a wind furnace for its perfect fusion \ it is attracted by the 
magnet t and Is capable of acquiring magnet ism, though in its unalloyed 
state it retains it only fi>r a very short time, 

" Iron is capable of combining with carbon ; and sted r perhaps the 
most important substance employed in the useful nrts, is one of the 
results of their combination, 

“ Steel is usually made by a process; called cementation, which 
comists in keeping burs of mm in contact with powdered charcoal in a 
st rs \r o t lgnit [a n for l c nor two I vc days, in en rt in it [ n,i u ghs o r cruet I j les, 
the mouths of which are dosed with day. 

" Cementwl steel is made into the substance railed east tied by bring 
fused in a close crucible with a mixture of powdered gloss and charcoal. 

." Steel is possessed of the power of receiving very different degrees 
of hardn ess by different applications of heat or cold. When it Ls heated to 
redness, and suffered to raol slowly; it is found very soft j but if plunged 
into cold mercury or water, it acquires extreme hardness; and by 
heating liard steel to different degrees, it receives different degrees of 
temper, from that which renders it premier for files to that which fits 
it for watch springs, 

M IIiv process of tempering* the steel changes colour when exposed 
to the air. Between lail* and 450 : Fahrvillicit, according to Mr, 
SLmkrt, it assumes a pale yellowish tinge; at \m° the colour is straw 
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yellow, and tlje metal is of the temper necessary for penknives, razors* 
and hne-edged tools. The colour gradually deepens iia the temperature 
rises higher, and it pj^scs ihrough brown* red nnrt purple to 580, whets 
it heroines of uniform deep blue.* 

“It is not easy to determine the exact quantity of carbon in steel, 
but it. consists of several proportions of iron to one of carbonaceous 
mutter, Different specimens of steel rue said* on the authority of 
Bergman E Vimqudin and Musket, to contain only from 1/140 tu 1/60 of 
carbon- 

11 Plumbago, or black lead, os has been mentioned on p- 231, is- a 
compound of carbon p with 1/25 its weight of iron- Tlicre is a substance 
formed in iron foimderies called kish, of a brilliant appearance, usually 
jii thin scales, iinalogons to plates of jjolished steeL it consists chiefly 
of carbonaceous matter united to iron, and a little magnesium. 

l+ Iron is capable id combining with potassium and sodium \ these 
alloys are more fusible and whiter than iron, and effervesce copiously in 
water. There is great reason to believe that alloys may be formed of 
iron and the metak of the earths, 

"Cfw* iron* which Is produced by fusing iron ores with pjteoal. 
during its conversion into malleable inns, affords about one-fciurtli of 
its weight of a glass, which consists of silex* alum in t\ lime, oxide uf iron, 
and oxide of inangantsum. 

u In the process for reducing cast iron into malleable iron, called 
blooming, tlie iron, after being fused in a forge by a fire of charcoal, is 
ham me red r whilst in a soft state* on ah anvil by a large hammer worked 
by water; a vivid combustion* which seems to be connected with the 
formation of the glass and the oxides* takes place on the surface of the 
mass ; that the earths are formed by the oxidation of metals combined 
in the cast iron, seems probable from the circumstances of the com- 
bastion ; mid the idea is confirmed by the distinct metallic character 
of rast iron ; it is white, crystallized, and has all the appearances of a 
perfect alloy, 

11 Mnnganesum forms very readily binary combinations with iron ; 
the alloys have a white colour, and are very brittle. Iron likewise 
combines with tin. By fusing the two metals together Bergman 
obtained two alloys; the first containing twenty-one parts of tin and 
one part of iron, the second two parts of tin and one of iron- The first 
was very malleable, harder than tin* and not so brilliant m w the second 
scarcely malleable, and very hardJ 1 


These extracts indicate the state of knowledge, or rather the 
lack of knowledge* concerning the world's most important metal 
at the time when Michael Faraday foresaw the possibilities of 
alloy steels and made a valiant attempt to give them practical 
effect, 

* Davy said J 11 TliCst changes of colour set ns to drpffkt] upon sonre 

uiiLOEt in tht urrunHcm-ciit of the exterior 1 &yer uf particles of the met ill ; they can not 
ueptud on BldnUm, in th-ry take filoee Tinder nicmiry. th Sfodart convinced him 
of hjd error on this with Use result That the correct expLanation was given Hn 

Ealrr rdiUaivi, vil* I These chniigea of colour serm Id depend upon the fomiatk^P 
f'F h- piste of nskle* which increu.*€s in thickness lilt higher the trniperiitiire,™ 
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VVoorz and AsdENt Indian Steel 

It may seem curious to those who have not previously studied 
this subject that Faraday and other eminent scientists of the early 
part of the nineteenth century should attach so much importance 
to the examination of woota steel. They were, however, justifled in 
doing so, for the manufacture of iron and steel in India goes back, 
it is quite possible, some thousands of years, and it is evident that 
wootz, one of the most highly prized products of the Indian crafts- 
men, was in many respects superior to anything that the steel- 
makers of Western Europe had hitherto produced. The investiga¬ 
tion of its properties and the attempt to imitate them was a very 
commendable research, but it offered great difficulties under the 
conditions then prevailing as regards metallurgical knowledge and 
facilities for scientific observations. 

The remarkable progress made in this and other European 
countries and in America during the latter half of the nineteenth 
century, both as regards tonnage output and the development of 
special steels, lias resulted in the achievements of Eastern steel¬ 
makers being to some extent forgotten. In a monograph on iron 
and steel work in the Province of Bengal, published in Calcutta, 
in 190?, by Mr. E. R, Watson, M.A., B.Sc., the author opens with 
references to the state of knowledge during the period b.c. I too 
to h.c. 150, as gleaned from Vedas, Mann’s Code, and the Pu minis, 
supplemented by arehttologicai investigations. The “ Vedas ” 
books, written about the fourteenth century b.c., contain several 
interesting references to iron and steel and weapons, particularly 
the bow and arrow, swords, spears, javelins, lances, hatchets, and 
the discus ; also numerous references to protective coats of mail. 
There is also a reference in the Rig Veda to Hie use of razors. In 
the DhamirL-eda, which is a subsidiary ** Veda,” containing only the 
rules regarding archery, there is a reference to a special arrow, 
termed the ” Niracha,"’ of which the peculiarity was its construc¬ 
tion entirely of iron, whilst of the ordinary' arrow only the head ur 
blade was of this metal. 

In the Brkat .Safthitd of the Varahu Mihria, says Mr. Watson, 
there is given a most detailed and interesting account of the 
tempering of swords, which shows that even at this period steel was 
distinguished from iron, and the nicety of the process of tempering 
was appreciated, as it was known that very small alterations in the 
details of the process would materially affect the result. The 
various recipes given ate recommended by statements as to the 
capabilities of blades which have been subjected to the described 
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treatments* Tims it is described how to temper a blade so that 
it will rut off an elephant's tnmk T nr so that it will be fit for piercing 
stones, 4*r so that it cannot be whetted on a stone or blunted by 
other iron instruments* The chief variations in the tempering 
process seem tn have been effected by using a variety of liquids 
for the quenching- a means which is employed at the present 
time. 

No less remarkable than this early knowledge of the heat treat¬ 
ment of steel are the large dimensions of iron forgings still surviving 
in some of the ancient temples* For example, large beams of iron 
were used in building the Black Pagoda of Kamirak* The date of 
tins building h fixed by Fcrgusson In the latter half of the ninth 
century, but Stirling gives it a later date, viz., 1241 * In front of 
l he entrance to the temple, which is on the east side, amongst the 
stones, lies a bar of iron, 23 feet long and III inches thick ond 
broad* Iron beams are also employed to support the roof in the 
Jagamohan or porch, now the only part of the temple standing. 

it appears I bis Black Pagoda possessed a ceiling “ with a fiat 
stone roof, supported by wrought iron beams * r * showing si 
knowledge of the properties and strength of the materia] that is 
n:markable in si people who art? now so utterly incapable of forging 
such masses. The employment of these beams here is a mystery* 
They were not needed for strength, as the build ing is still firm after 
they have fallen, and so expensive a false ceiling was not wanted 
architecturally to roof so plain a chamber. It seems to be only 
another instance of that profusion of labour which the Hindus 
loved to lavish on the temple of their gods ... I do uol know on 
what grounds the beams are described as of wrought iron by 
Fergusvoii* and I am not aware Lhut liny samples of like iron have 
l>een taken for chemical analysis or mechanical tests. It may be 
noted that the celebrated iron pillar at Delhi is supposed to be of 
about the same age as these beams or even earlier (a.ix 400, accord¬ 
ing to Fergusson), and that this has been shown to consist of pure 
wrought iron by chemical analysis. 11 This pillar, which is illus¬ 
trated in Plate XXII',, has. been fully described and analysed by 
the author as shown in Ids paper on “ Sinhalese Iron and Steel,” 
read before the Iron and Steel Institute, 1912, Vol. I. 

These massive pillars in iron, of w hich those mentioned above 
form impressive examples, do not appear to have any counterparts 
in more modem times. Indian smiths continued, however, to 
practise the manufacture of woot£ p using methods which w T ere 
handed down from father to son, and no doubt varied slightly in 
different localities and families. This special form of cast steel 
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was necessarily made in comparatively small lots as shown on 
p* 8!, and evidently varied considerably in composition, but 
the finest specimens appear to have been specially good for the 
manufacture of fine cutting tools and instruments, and wootz was 
very notable for its damascened surface. It was these properties 
that aroused the interest of European metallurgists and led to 
repeated efforts to determine Ihe secret of damascening! and 
attempts to imitate the qualities of the Indian steel. These 
efforts were not confined to the Englishmen Pearson,, Stodart 
and Faraday* Similar attempts were made in France by the 
Socle te d'Encouragement pour [’Industrie Rationale, who, how¬ 
ever, acknowledged that the initiation of alloy steels was by 
Faraday. None of the European investigators appears to have 
been specially successful but with the perfection of Huntsman’* 
crucible steel and the general advance in scientific metallurgy there 
was no longer any inducement to pursue the problem of imitating 
wootz. 

Interesting and valuable studies on the subject of the damascene 
process in connection w ith ancient and modern steel have also been 
made by the eminent Russian metallurgist. Colonel N. T. Rdaiew, 
C.B„ P now residing iu London. These were described in a course of 
advanced lectures in Metallurgy delivered by him at the Royal 
School of Mines, and afterwards published in the form of n book, 
entitled Crystallisation of Nctali* 




CHAPTER V 


SEQUENCE OF EVENTS 

Fajllday’s Interest in 4i Shhil and Alloys tt 

The intensity of Faraday’s interest in hi.s metallurgical researches 
is shown by Lhe fact that he devoted himself to them for a period 
of some sis years, from IS 19 to 1824, with an energy that appears* 
at times, almost to have exhausted his strength* judging From 
remarks in certain of hi.s letters* It may reasonably i>e asked 
how Faraday, who is best known for hi.s electrical investigations, 
came to be so deeply interested in steel and its alloys* There 
are several possible causes, and it is likely that each contributed 
in some measure to arouse his enthusiasm- 

in the first place, Faraday was the son of a smith and he said in 
Inter years: 11 1 love a smith's shop and anything relating to 
smithery/ 1 Also he regarded himself principally as a chemist 
during his earlier years at the Royal Institution. What more 
natural than that a research involving chemical investigation of 
steel should have appealed to him ? 

Again, otic of Hie famous four lectures in 1812 by Sir Humphry 
Davy on “ Chemical Philosophy," the %h reporting ” of which won 
Faraday—then twenty-one years of age — his first appointment at 
the Royal Institution, dealt with Metals; this, no doubt, had some- 
effect in stimulating lib interest in the subject. Professor Bnmde, 
who succeeded Davy ns Professor of Chemistry at the Royal 
Institution, and under whom Faraday worked for a number 
of years, was also interested in metals and metalliferous pro¬ 
ductions, as witness his Manual of Chemistry, first published 
in 1810. He doubtless encouraged Faraday in his researches on 
alloys. 

The managers of the Royal Institution had passed a resolution 
in Liic- year 1802 to the effect that experiments should be carried 
Out on alloys of metals. This was, of course* a much broader and 
a vaguer project than the scheme of research which Faraday under¬ 
took as regards the alloys of steeb Nevertheless* it b most 
probable that he was aware of the managers* minute which may 
thus ]>e credited with endorsing, if not actually contributing to, 
the inspiration of his research. 
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Wliile tin Ell lolling all Ihcsc pos-ibilil ies, the ftUthor is mdinccl 
in regard them rather as contributory or predisposing factors. 
In the author's opinion, the two main reasons for Faraday 1 * 
embarking on the difficult work of metallurgical research were s 
(j) the great amount of interest aroused by wootz about that 
time; and (h) Faraday's innate genius ami foresight which 
ted him to appreciate the fact that steel eon Id be improved by 
suitable alloying and that .such improvement was well worth 
seeking. 

Faraday would be brought closely into touch with the problem 
of wootz by his association with James Stodart, who had already 
been engaged un the examination of this material it; collaboration 
with Dr. George Pearson, and was so far convinced of its merits 
that his trade cards of about 1820 said that he preferred wools to 
ordinary steel after many years of comparative trial* From this 
and other evidence it is clear that Stodart was thoroughly familiar 
with wootz from the practical standpoint for some years at least 
before he and Faraday collaborated In the steel researches* In 
his obituary notice of Faraday, published in the ItHjliothique 
Untomdlf cl Revue Suisse* VoL 30, October 15th, 1867, Professor 
A* A, dc la Rive, w ho was a great friend of Faraday, states definitely 
that it was by the analysis of the Indian steel called wootz that 
Farad a v was led, in collaboration with Stodart, to make certain iron 
alloys which had all the properties of this steel—that is, by com- 
billing alumina " with the iron mid carbon. 

Admitting this* it must still be remembered that Faraday's 
investigations of steel and allays ultimately went far beyond the 
mere imitation of wootz. Doubtless he was led on to these further 
investigations by his own prescience and genius for research, which 
ltd him to enquire—by experiment and manipulation—whether 
it was not possible to improve the cheap mid abundant metal iron 
by alloying it with uLhcr elements. The wonderful effect of carbon 
in changing iron to steel was sufficient indication I hat further 
improvements might be possible fay other additions. In supposing 
tins, Faraday was in every way correct* There was a great future 
in store for alloy steels, but many diflk til tics had to be overcome, 
and much more was necessary in the way uf general metallurgical 
knowledge and facilities than was available in Faraday s time* 
laforc full success could be achieved* Nevertheless, research in 
the field of alloy steels may justly be said to have commenced with 
Faraday's work and, as will be shown later, he attained a consider¬ 
able measure of success, as judged by the standards and under the 
conditions of Ins day* 
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(> linkhal Sequence of Events 
At this point it will l>e helpful to give a summarised statement 
of the sequence of events with which we are specially concerned 
hi this book. These commenced near the end of the eighteenth 
century* when Dr. Helenas Scott, of Bombay, sent samples of 
wootz steel Eu Sir Joseph Banks, P.R.S, The samples in question 
were investigated by Dr, George Pearson, F + R,S., and others* 
among whom we find Mr. James Stodart, F.B.S., the cutler and 
nuiker nf surgeon s instruments. Stodurt, as a member of the 
Royal Institution, came into touch with Michael Faraday, at that 
time assistant to Sir Humphry Davy* P.R.S., in the laboratory 
of the Royal Institution. In 1810 Faraday undertook an analysis 
uf part of one of the cakes of wnotz that had been presented 
to Stodnrt, the two men basing already embarked upon their 
investigation of alloys of steel with some sixteen different elements, 

I M?sid( s four special compounds* This work proceeded rno.st actively 
during the period 1819-1822. From the whole tone and substance 
pfStodait and Faraday's paper presented to the Royal Society in 
L822 r it is probable that the work was continued w ith unriiminishrd 
hopes until Stodart ! s death in 1823. After that, with the excep- 
tie:-] i of the notes in Faraday's Diary referred to on p* 125, no 
reeoid or trace is to be found of any lati r work* Faraday's last 
experiment on the metallurgy of steel alloys appears to have been 
performed in June, 182-k and thereafter in all his many writings 
there is scarcely any reference to metallurgy,* and none in any way 
following up his work of 1819-1824 on the alloys of steel. 

Such, briefly, is the talc of a gallant adventure conducted half 
a century or so before its time by ft handful of men aided bv 
little save their intuitive faith and a praiseworthy perseverance. 
Other characters cross the stage, all of them belonging to the 
Royal Society—among them Mr, W* IL Pepys, who faded 
tn recognise the su period tv of wootas, Dr. Thomas Thomson, 
who co-operated with Sir Humphry Davy in experiments on 
temper colours. Dr. X G+ Children, who assisted Faraday in 
the matter of analyses. Professor W. T„ Braude, the well-known 
chemist, and Dr. W* H, W ollaston* whose generosity provided 
large quantities of rare elements for the preparation of alloys 
—but, above all these, is Faraday himself, probably the sole 
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Instigator us he was rertalaly the most laljorious worker in the 
first deliberate attack upon the rich but difficult Add of alloy steels* 
Ak regards the industrial or practical utilisation which was made of 
Faraday's work* little can be said except that it commenced with 
fair promises but suffered an early death. Some* at least* of 
Faraday's alloys were made Afc in the large way " at Sandmen's 
works in Sheffield* and it appears that fenders were made of his 
silver-alloy steel by the firm of Green* Fickslay & Co*, in Sheffield. 
Apparently, a certain number of razors were made for sale, using 
rhodium* iridium and silver alloys of steel* but no dear evidence can 
be obtained of the extent of these and any other practical uses to 
which Faraday's alloys may have been applied, and the most 
diligent search has revealed no trace uf any surviving specimens of 
these products* Some interesting letters from Green, Pick slay & 
Co. to Faraday are given in Chapter V I. 

It may be added that, judging from some of the business literature 
of that day, it also seems probable that certain makers of crucible 
steel made use of the expressions “ Wootz Steel 11 and ^Silver 
Steel M as merely trade terms under which they offered their 
products to the public. 

Stages of Faraday's Work on “Steel and Am joys ” 

The whole history of Michael Faraday's career shows that lie 
had only to be brought into contact with any scientific problem in 
order to become interested in its solution. So great was his genius, 
so broad bis outlook, and so marked his powers of observation and 
deduction that* in every case, he added greatly to human know¬ 
ledge of the problems to which he addressed himself* In order* 
therefore* to explain how Faraday came to embark on his researches 
concerning steel alloys* it is only necessary to show how lie came 
into contact with the subject* and that has been done in the 
preceding pages. Once the opportunity was afforded to him, he 
worked zealously at the problems which he set himself until 
circumstances compelled him to desist* Rut for the untimely 
death of James Stodart, which robbed Faraday of his collaborator 
on the practical and commercial side at a crucial stage in the 
research, the investigation would almost certainly have been 
carried on. There is no note of pessimism or disappointment in 
the Royal Society paper of 1822. On the contrary, very promising 
results had been obtained, and there appear to have been good 
prospects of industrial developments. Faraday, however* was 
tied to the Royal Institution building, and had increasing duties 
and responsebilitles there. He could not go to Sheffield to conduct 
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or superv Lie large-scale production* and the death of Siodart al l his 
stage must have been a determining factor in causing Faraday to 
set aside his steel researches. The pressure of other affairs, and 
the lung series of electrical investigations on which he embarked 
soon afterwards prevented him from ever returning to the 
metallurgical field. 

Faraday's active association with research on steel and alloys 
thus commenced about the year 1819 and ended about the year 
1821, a period of only six years, though he was doubtless interested 
in tlic subject in a general way fnr a much longer period, as witness 
the Fact that he occasionally presented to friends, in later years, 
razors made from his own special steel, l ist’ analysis of one of 
these razors is given on p* 240. Though he asked his friend 
Professor G. de la Rive to pity him that he had got no further 
niter so much labour, the wonder is that he was able to accomplish 
so much in tills dilTicult field with the few and, as judged by 
modem standards, hopelessly inadequate resources then available. 
Those of a Inter day do not always find it easy to appreciate the 
many difficulties and assess the services of the pioneer. 

Faraday’s association with steel may conveniently l*e considered 
as Doming under five headings. First, there was his examination 
of wonts or Indian steel as set forth in his paper, Si An Analysis of 
Wootz, or 1 ml i Lin Steel / 1 read befure the Royal Institution in 1819. 

Seconds them was the scries of experiments* jointly with Stodart, 
described in the paper, u Experiments on the Alloys of Steel made 
with a View to Its Improvement/* presented to the Royal Institu¬ 
tion in 1820. In the course of these experiments Faraday was able 
to imitate the beautifully damascened surface shown by wootz steel 
when etched with arid, by means of a steel alloyed with "the 
metal of alumine ”■—that is, alum ini urn* Having once embarked on 
the investigation of steel alloys, Faraday appears to have mapped 
out a complete programme with his customary thoroughness and 
brilliant genius of conception. An account of his laboratory 
experiments at the Royal institution is given on pp. HI to 1IC of 
this book. These experiments were so successful that they led 
to the third phase, viz,* a further two years of investigations in the 
laboratories of the Royal Institution, culm Limbing in the fourth 
stage - that of large-scale production at Sheffield—as noted below. 

The third stage and, to some extent, the fourth stage are repre¬ 
sented by Stodart and Faraday \s paper, “ On the Alloys of .Steel/ 1 
presented to the Royal Society in 1822. Both the second and third 
sets of experiments were undoubtedly conducted by Faraday at the 
Royal Institution, and, as far as the author is able to judge, these 
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experiments lire probably represented by the seventy-nine speci¬ 
mens which have survived to the present day and have now been 
examined at the Hud field Research Lulsoraturies. The prepara¬ 
tion. investigation and description of the specimens ill the Royal 
Institution and Royal Society papers were undoubtedly the work 
of Faraday, and were definitely carried out at the It oval Institution 
in Albemarle Street. No doubt he received a considerable amount 
of assistance and advice from Stodart in regard to the testing of the 
working qualities of the steels and the manufacture of sample tools 
and instruments, but the scientific as apart from the steel user's 
side of the work was almost certainly that of Faraday alone, and 
the same may Ik- said of the preparation of the papers. Anyone 
who has studied these papers, and also Faraday’s wonderful book 
nn Chemical Manipulation, can come to no other conclusion. 

The fourth stage or section of Faraday’s connection with steel 
is represented by experiments on a larger scale carried out at 
Sheffield by Faraday’s representative sent down there to Messrs, 
Sanderson's works. 

It appears from the letters quoted on p, 188 that at a later date 
between lSSi-t and 1826 alloys of steel and silver were being used 
by Messrs, Green, Piekslay & Co., of Sheffield, for various descrip¬ 
tions of cutlery us well as for the fronts of stoves and fenders. 
The same firm was also experimenting with alloys of steel and 
rhodium, iridium and silver, of which they sent specimens to 
Faraday. Tills work, the practical application on a manufacturing 
scale of Faraday's discoveries, may he regarded as the fifth stage 
of his association with steel alloys. These alloy steels were pre¬ 
pared at the works of Green, Fickslay & Co, f their manufacture 
and use being derived from Faraday’s instructions, and were thus 
the direct outcome of his conception. 

Unfortunately, no records have been found in Sheffield bearing 
on these matters, though a thorough search has been made. 
Messrs. Sanderson’s name still continues in the linn of Messrs. 
Sanderson Bros, and N'twboukl, Ltd. The firm of Green, Pick day 
& Co, has died out, but some interesting information regarding this 
concern is given in t’hapter VI. 

Not a trace of the experimental ingots made for Faraday in 
Sheffield Can be found, but there is nn doubt that they were on 
quite a large scale compared with the tiny buttons and bars made 
at the Royal Institution. With the facilities there available, 
Faraday could only deal with small quantities of steel, mid his 
largest specimens do not appear to have exceeded about 1 lb. in 
weight, if, indeed, they were as large as that. The total weight of 
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the sevenLy-ninc specimens entrusted to tin: author for examina¬ 
tion only slightly exceeds T| lb. (7 lb. I t oz. s to be exact). On the 
cither hand, the experimental ingots made in Sheffield reached 
10 to 20 ib. each, and it is probable that the ingots used by Green, 
Pink-slay & Co, for their fenders and other purposes were of a yet 
larger size. 


Stod art's Share in the Work 

From what has already been said concerning Jan ns Stodart in 
this chapter, and in Chapter III., Dramatis Ftrsona\ il will lie 
realised that his share in Faraday's research on alloy steels was 
almost certainly restricted to practical advice and assistance in 
regard to the working and applications of specimens* the manufac¬ 
ture of trial cutting instruments and the like and, in fact, to pro¬ 
viding a link between Faraday in his laboratory and the world of 
steel users. As shown on p. 40, at one stage in his career Stodart 
published several eonnnmdelations on scientific subjects. He was 
undoubtedly a man of very considerable ability* but for many 
years prior to his association with Faraday lie had published 
nothing in the way of papers, and it is quite fair to assume that 
the papers of 1820 rind 1822 on steel and aJJo} T s would never 
have appeared but for Faraday. They may* in fact, be regarded 
as entirely Faraday's work except that Stodart doubtless assisted 
in the maimer described above, in the “ applied 11 side of the 
research* 

An interesting proof of StodarFs long association with the 
problem of damask steel, as well as an instance of his practical 
skill and scientific bent, is to be found in n letter to Mr, William 
Nicholson. of the Journal of Natural Fhilosophtf t Chemistry and 
the Arts, published in YoL VII, of that publication in 1304* giving 
an account of an experiment to imitate Damascus sword blades* 
The letter reads as follows :— 

41 To Mr. Nicholson 

* 4 Dhail Stti ,—Having lately had an opportunity of examining seine 
sword blades, which appeared to be defective* I was induced to make the 
following experiment. 

" The subject is surely of some importance, and perhaps never more 
so than at the present moment. 

Ifc We hear of swords having broken in battle, and wi can hardly 
imagine a more distressing circumstance. 

1,1 Those which i 3save seen arc certainly in no danger of failing in 
that way, for an the contrary they are evidently too soft* and conse¬ 
quently cannot form a good cutting edge. 

** I am not acquainted with the process used in making sword blades* 
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hut jLiii inclined to suspect that the price allowed is not equal to tile 
labour necessary to form a gotal instruments 

** The folio wing method, whicti I belkve to he nearly the same us 
that practiced Jit Damascus. hut which I suspect would be too difficult 
and expensive for general application, may perhaps lead to some more 
simple method of accomplishing the desired purpose . 

" 1 look six small bars of good malleable iron* and the same number 
of sheer steel, and laid t hem one on another alternatively, as il firming 
a galvanic pile j 1 then with the assistance of an expert workman, 
committed them to a dean forge fire, and with cure we succeeded id 
welding them into a solid lump. 

“ This wax forged into a stout Hut plntr. which luring lieated U> 
whiteness, was by means of strong tongs twisted spirally until it formed 
ii cylindrical tube, 

** [n this t m isled state it was heated, hammered flat, and again 
welded, and after Ining forged into a convenient form and substance, was 
doubled through its whole length, somewhat in the manner of the buck 
of n saw, 

“ A slip of good steel was inserted, and another welding heat taken t 
which consolMated the whole mass, 

“ I need nut say this slip of steel wns intended fur our edge. 

M The remaining part of the process was simple m w it consisted only 
in forging it into the shape of the blade we wanted ? wMeh on examina¬ 
tion proved perfectly sound in every part. 

" String eager to witness ionic proofs of excellence and lieauty which 
my expectation hud anticipated, I too hastily and without due con* 
sidemtien proceeded to harden it by heating and quench in g in water? 
ami had the misfortune to see it cracking in seven or eight different 
places 

u 1 have no doubt this was occasioned by Ihc unequal expansion and 
subsequent, contraction of the different parts of the imiss, 

" In my next trial I shall guard against this accident, 

u Enough however remained sound to prove it both good and beau¬ 
tiful ; tin edge hears the severest trials at the same time that the whole 
blade has sufficient tenacity, 

11 1 have polished a part of it, and by applying a weak acid, produced 
on mqxrm-ntice, which though by nu means equal to the beauty of wliab 
is culled the Dtemnseiis wuU-r h leaves me little reason to doubt of accom¬ 
plishing that appearance in rny next trial. 

M My intention hi to multiply uiy pieces of metal, to repeat the process 
of twisting, and certainly not again to quench in water. 

ift I shall take the liberty to transmit to you un exact account of my 
next experiment, and if success fid, to accompany it with a sample of 
the met al formed into a blade af some kind or another. 


“ I am with much respect. 
Dear Si r, 


M Strand, Jan, l&th, 1804- 


44 Your obedient Servant, 

"J- Stopahth 


41 P r S, — Why is the appearance produced on Damascus, steel by the 
application of an acid called the Writer ? [sic]* 
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M hr It not the different degrees of oxidation ? * and what is the acid 
best fitted to produce this appearance. 

iK I had n paper given me some ten years ago on this subject, by a 
gentleman whose name I do not know. Unfortunately I have mislaid it* 

M In addition to what you have published on the subject in your 
valuable Joumal + pray furnish us with any other facts that may have 
eoffic to your knowledge since that period, 

11 Bus subject appears to me to be worthy of philosophical research, 
and perhaps of national encouragement. 

m +s I finvc Lilwaji supposed fitrclto be teas rcndaly sn he it'll l- than pure if on ; and that 
the Carbon which is Bern on tlic hire of the fnrnirr during the pTOCf -S uf damitfiking 
ilrfrniis il from the arid t while tEir Uhrra of imn arr ttood by oorrockm so m to 
c\liihit tliL* peruliiLr waving lines of this Qpenatirjn+—N, rt 

Jt is interesting to nolo Irani this letter that Stud art T who, ns 
pointed out on p* 1% hnd the distinction uf convincing Sir 
Humphry Davy that oxidation was the cause of temper colours, 
iv els himself in error when he attributed the damask of steel to a 
similar cause, Mr, Nicholson, as shown by Ms footnote* had a 
clearer understanding of the action. 

Direct evidence of the practical assistance which Stodart gave 
Faraday in the research on steel and alloys in to be found in the fact 
Lhat one of the seventy-nine specimens in Faraday's box is a 
portion of a knife blade bearing the name S to dart. 

Native and Natural Alloys 

From what has been already said, it will be realised that the 
native Indian steel or woofs, which Faraday stated that he found 
to be an alloy of steel with iS idumme*" formed one of the starting 
paints in his great research. Another was provided by meteoric 
iron which was reputed to have somewhat remarkable properties. 
Before proceeding to a full description of Faraday’s facilities, 
procedure and results, it will be useful to give further particulars 
of his work on wooti + together with other contemporary and later 
information* In addition, some interesting notes on meteoric 
iron will be presented, and the reasons which led Faraday to go 
from base to noble alloying elements will be considered* 

Wootz 

This material* the name of which is of doubtful etymology, is 
defined in QgBute*s Dieti&nary {1884) as ;— 

** A Very superior kind of steel made in the East Indies, it is believed, 
by a process direct from the are, and Imported into Europe :md America 
for making the finest classes of edge tools* 

11 Faraday attributed its excellence to the present of a small quantity 
of aluminium, but more recent analyses of samples have been made in 
which aluminium has not been discovered.” 
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According to the Aem Oxford English Dictionary, the word 
tr ootz, sometimes spelt vends, is believed to have originated in a 
misprint for Kook, representing the Kanarese ukku (pronounced 
with an iniLial ic), The meaning given for the wnrrl is “ a crucible 
steel made in Southern India by fusing magnetic iron ore with 
carbonaceous matter.'* The author is indebted to Sir John Mar¬ 
shall, C.I.E,, Director-General of Archaeology in India, for further 
information, as followss 

“ Wootz steel is said to be made specially by the aborigines of 
Southern India, like the Kotos of the Nilgiris. The Kanuresc okku is 
a later form of urfcti. Ukku is also a Telugu name id steel. Conse¬ 
quently it is not quite rorrert t« flay that wixJtz is dem' d from the 
Kaiiorcse ukku. Nor is it known whether the word wootz correctly 
represents I he originni Dr a vidian name for steel- in Tntuil ns well ils in 
MaUyilfUU uruJHtw is the name of steel. The different firm s mentioned 
ulmve- urhu or tikkti in Kanarese, wA-Aw in Telugu and urtdcku hi Tamil 
and Mnlayilam would point to a common Dravidian origin of the term, 
whatever"that may have been. There is no word for steel in the Indo- 
European languages, as for as I am aware, which would phonetically 
correspond to wootz. 

“ The Tamil untkku is derived frewn the root uruku, meaning " to 
fust-. 1 etc. This Tamil root, though written sis uniku, is pronounced as 
nrtdiw, there bring no symbol for ha in Tamil. The Tamil pronunciation 
of this letter kn is a mixture of guttural, aspirate and sibilant sound.” 

In the Encyclopedia Britannica , Supplement lit., 1821, just 
after Faraday's experiments w ere carried out, a reference is made, 
and it is stated that 41 Wootz, a steel from India, has lately been 
successfully employed for cutlery.” 

A material of such reputation was naturally of special interest in 
the earlier part of the nineteenth century, and its interest for us 
to-day E greatly increased by the fact that wootz appears to have 
liern largely responsible for Faraday’s embarking on his researches 
concerning alloys of steel. 

Lute in the eighteenth century, Dr. Helenas Scott, of Bombay, 
sent sjiecimens of wootz steel to Sir Joseph Banks, then President 
of the Royal Society. The nature and properties of this material 
were investigated by Dr. George Pearson, F.R.S., whose results 
were presented to the Royal Society in due course, and published 
in the Philosophical Transactions for ITUS.* At the instance of 
Sir Joseph Banks, various professional and other persons assisted 
Dr. Pearson in this enquiry, and among them was “ that ingenious 

* ■* EKijcrimehtu and OtacrvuiHuu li> Invwtiipkle Ihe Nature &f n Kind a f Strrl 
MunufaiEidtri-tl at Brpnibav, and there railed IVuutfc - with Reisiikrlts cm the P^apcrtitr* 
ami CVinipdflition uf She Different States of Intti" by George Pfum, M,t>„ rJLS,. 
rfoild iunr 11 th< 1705, 
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artist, Mr. Stodart," who* says Dr. Pearson in his paper, kS forged 
a piece of wootz at the desire of the President, for a peri-knifc* at the 
temperature of ignition in the dark. It received the requisite 
temper ( 4 * at the temperature of 45D n Fahrenheit** scale/' Dr, 
[Varan adds, in a note from Mr* StodarFs letter to Sir Joseph)* 
The edge was as fine and cut as well as the best steel knife. Not- 
withstanding the difficulty of Inliotii 1 in forging* Mr. Stodart from 
(Ins I rial was >»f opinion that wootz rs superior for many purposes to 
any steel used in this country. We thought it would carry a liner, 
stronger and more durable edge and point. Hence it might be 
particularly valuable for lancets and other chinirgical instruments. 11 

It was found that this wootz could only be forged at a low red 
heat, and even t hen not without much care; at a higher temperature 
it cracks ur crumbles to pieces under the hammer* It is capable 
of acquiring great hardness. It was stated by Dr* Scott ( of Bom¬ 
bay, who provided the specimens examined by Dr. Pearson, that 
wlhjIz cannot be Welded either with iron or steel. 

Notwithstanding the uncertainties surrounding the nature arid 
tnai t li fj let arc* of wootz, and the difficulty of manipulating this 
particular variety of steel, it appears that Mr. Stodart was very 
successful in applying it to the manufacture of surgical instru¬ 
ments, razors and other articles in which great perfection and 
durability of edge was required. Among other applications, he 
Used it to make the knife edges for Captain Enters* original 
invariable pendulum* 

In their Famous P far Ural Trealise Gfi Mclallurgi/i Vul. tit, 
published in 1870, Sir William Crookes, F-R.S., and Dr, Ernst 
Itohrig* Ph.D., M.E., describe the production of Indian steel or 
wootz (natural damask) in considerable detail., After explaining 
the method of supplying the ore and fuel to the furnace they mv : — 

“ The 1 allows are worked for three or four hours, when the process is 
5tup|Kd ; the temporary wall in front being broken down, the bloom of 
more less carbonised iron, about 40 lb. in weight, is removed by a 
pair of tonus from the bottom of the furnace. 

“ It ls then beaten with a wooden mafiet to separate from it as much 
of the scoria os possible, and while still red hot, it is eut through the 
middle, but not separated, the incision being merely to show the qiinlitv 
of the interior of tile mass. 

"In this state it is sold to the blacksmith, who mokes it into bard run* 

kS The proportion of such iron made by t3u_- natives from 100 parts of 
ore is about 15 parts, or about 12 per cent, of very pure Wfflught-ifdri/ 1 

At the Royal School of Mines* South Kensington* there is a most 
interesting exhibit of specimens of wootz steel, provided by Sir 
J humas Holland* K*C*S*I. P K.C.I,E + , F*R,S. The various exhibits 
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show the successive stages in the production of wools steel, includ¬ 
ing (o) I hi' raw materials—that is, the ore, the wood, and type of 
charcoal employed : (A) small crucibles, 5 or a inches in height and 
about :U inches in diameter, with their contents, iron and wood, all 
ready for putting iriUi the furnace used for melting, worked by 
bellows ■ (r) the used crucibles ; {d} crucibles containing the fused 
met a I ; and, finally, (r) the “ cakes " of wootz. 

In tin description accompanying these exhibits it is stated that 
"...It to 24 crucibles at a time were heated in the jut Tor 3 to 
1 hours, the fire being urged by a bellows . . , The steel thus 
obtained, which contained a high percentage of carbon, was used 
fur tools and knives,” 

Analyses of wootz steel conducted by the chemist Mr, T. H. 
Henry gave the following results: L'orbon combined, 1-333; carbon 
unembined, 0 312; silicon, 0-046; sulphur, 0-181 : arsenic, 0-037; 
iron, by difference, OS-002 per cent. The specific gravity of this 
wootz was 7-727 at 02 F., a value which may be compared with 
the following observations published by Dr. Pearson 


Wtmtz . 


Sp + Cr. 
7*181 

Another specimen of wootz. 

# s* 

7- ma 

The same, forged 


7’tUT 

Another specimen, forged . 

T g 

7-503 

Wontz which hod been melted 


7-200 

WooU which hud l>een quenched while while 


hot . 

v a 

7100 


It is evident that Peatsotes work, excellent though it was for 
tliat early date, by no means cleared up the mystery of wootz, for 
mure than twenty years Inter, that is, in l«lt», we find Faraday 
engaged upon the same problem. The following [taper, reproduced 
from the Quarterly Journal of Literature, Science and the Arts* is 
interesting not only as regard* the information which it presents 
oil tile subject uf wootz, but also from the light it throws on 
Faraday's reasons for undertaking this research. It also bears 
witness to the I'straordinarily careful and methodical manner in 
which he worked:— 

” Art. VIII, An Analysis of 11 'oats, or Indian Steel. By M. Faraday, 
Chemical Assistant to tin- Royal Institution. 

“ d'fie object of the following experiments being to ascertain whether 
any other mhafemers were present in the wootz than iron and carbon, no 
atteiit ib.il was given to the relative proportions uf these two bodies, 

* Vot. VII. Ht.yiil InathatJnn i»I nTrnt Britain, April atih, isip, m, ™ 
f London 3 Julin Murray* Atbcmaric Si rcrtU 
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u The process was therefore much simpler than would otherwise 
have been required* and was conducted in the following manner :— 

“ A piece of wootz, weighing I6V3 grains, was placed in a flask, and 
acted on by intro-muriatic Arid and heat. 

+A It gradually dissolved* ond dark-coloured flukes separated from it, 
which were unalterable in the acid, though boiled with it. 

I+ When all action had ceased, the solution was poured off from the 
sediment (u) which was repeatedly washed with distilled water : the 
bolutfon was then examined carefully* but I could find nothing in it but 
iron* 

** Whilst washing the sediment (a) it separated into two parts : a 
black powder (&) sank to the bottom of the water poured upon it. whilst 
a reddish brown substance {c) in floeeuli remained suspended ; these 
were parted from each other* 

11 Tile black powder (&} was fused with |K*tndi in a silver capsule, 
and then dissolved in water: at deposited a brown powder (d), and a 
clear alkaline solution was obtained. 

w This was sat urn ted with muriatic acid, and evaporated to dryness, 
and then being redissulved with a little excess of muriatic acid, a very 
small quantity of white Floeeuli were kit untouched, which were insoluble 
in acids and had the character* of silex.* 

Ib The soluLion acted on by subearbonatc of jiobish gave sin abundant 
precipitate. 

11 This was washed k and when heated with a little solution of potash* 
divritlvcd in it like nlumine.t Sulphuric acid was then added, and a 
solution ol alum was obtained, a small quantity of silex precipitating, 
“ The brown powder J deposited by the alkaline solution, was 
treated with nitric acid ; a little heat being applied, nearly the whole 
was dissolved immediately, leaving a little of a black substance, 

^ The filtered dilution gave a precipitate with muriate of soda* but 
when ammonia was added to it P the precipitate was redissolved, and a 
mi iall quantity of iron was thrown down. 

H The solution contained, therefore, silver, from the capsule in which 
the fusion had been made, and iron derived from the wootx* 

11 The black substance left by the nitric add. wu nearly all dissolved 
by mtnvmurjatie acid, iron being taken into solution, and a little of the 
substance {£>) remaining. 

" The reddish-brown substance (e) was not affected by nitric acid, but, 
on adding solution of pure potash to it, a clear deep brown solution was 
obtained, and a blackish brown sediment (e) remained. 

Sk ^Yhcii the alkali of the solution was neutralized by muriatic aeid 
flocculi were precipitated, and the solution became colourless. 

u These Jlacouti, collected together and dried, proved to be combus¬ 
tible, and appeared to be merely modified tannin* 

“ The brow n sediment (c) being then examined by muriatic ndd s gave 
oxide nf iron and a little silex. 

I have detailed the process of analysis at length, because from the 
small quantities of silex and illumine obtained, doubts otherwise might 
have arisen respecting their sources, 

* Si in = a ■"onl foriMrly uwd to designate any flinty mu Latimer , Abo a* an 
fquivEklml otiilini. 
f MJirnimr e= nluminju 
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“ The wootz, o|^riited upon the abort experiment, was part of one 
of the cakes presented by the Right Hon, bir Joseph Banks to Mr. 
Stodart* 

** The piece was cut from the middle of the cake when heated to a 
cherry-red colour ; consequently, it was submitted to chemical analysis 
in tile same state in which it came from the crucible of the Indian steel¬ 
maker, 

|L In some other experiments ICO grains gave 0 3 of a grain of silex, 
uni] 0-0 of a grain of illumine, 

Mr* 8tx>dnrt at the same time furnished me with another specimen 
of Indian steel t expressing a wish that it also might be submitted to 
analysis. 

“ This, too, was in the same state in which it was imported. 

14 The appe arance of it* whilst being acted upon by acid* was very 
different to that of the wnotz, and 025 grains gave me no silex, and only 
fifteen-hundredths of a grain of ol liming* 

“ 120 grains of the best English steel furnished by M r. Stodart were 
acted on, but I could obtain no earths from it. 

41 A slight appearance of opacity in a solution w*is at last produced, 
which I Ascertained to he iditruinc contained in the tests I had used. 

*“ Many comparative experiments were afterwards mad' with the 
three specimens of steel, those from India always appeared perfectly 
distinct fnnu each other in the kind and quantity of earths they gave* 
and the English steel invariably appeared without the earths j neither 
was the slightest reason offered for the supposition I at first entertained, 
that the earths came from the tests used in the analysis. 

Th ing engaged in the laboratory of the Royal Institution w ith Mr* 
Stodart, in it series of experiments on the alloys of stech I was desirous 
among other researches to make an experiment* with a view to imitating 
wootjL n 

(This is an important paragraph because it is the first reference* 
on April 2-fcth, 181th to the researches being earned out on alloys 
of st eel.) 

“ In tills* however, I have not yet been very successful ; I have 
obtained specimens u-f iron, giving nbunckuicr of silex and illumine an 
analysis, and such alloys or combinations have been obtained by others ; 
but they never present the appearance of wool?, during the action of acids 
Upon them* even though the metal used in making the alloy be in the 
state of steel ; and if wootz owes its excellence to any portion of the 
bases of the earths* silex or ahinunr, combined with it* those substances 
must. I think* hr either in a more perfect or in a different state of 
combination to what they are in alloys obtained hy fusing for three or 
four hours in contact with wood and the earths/ 1 

It will be seen from the above that Fnmday states definitely that 
the object of the analysis was to ascertain whether wootz contained 
any other substances than iron and carbon. He also refers to the 
fact that he was at this time (April, 1819) engaged in the laboratory 
of the Royal Institution with Mr. Stodart in a series of experiments 
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on the alloys of steel, and was desirous among other researches . . . 
of imitating x&ocfe. It is very dear that Faraday was imbued with 
the idea of a systematic investigation of steel alloys and that 
he would never have consented to spend so much time and 
labour on this research if he had not believed in the possibility of 
obtaining valuable new materials by this means* It was left for 
later workers to show the full extent of those possibilities* and 
even to-day* with our vastly greater resources* we hove not finished 
exploring the field which Faraday opened. 

In a remarkable book published in 1840, entitled Mtmmre sttr la 
Fabrication el la Commerce dex Fer A Arier dans k Nord dc I'Europe, 
the author, M. F. le Flay* In genic ur en chef des Mines. Professor dc 
Metallurgy ii Royale des Mines, mentions that Faraday and 

Stodart's experiments in 1820 commenced owing to Faraday's 
having analysed certain specimens of material from India, known 
as wootz steel, but it would certainly seem from Faraday's paper 
to the Royal Institution in 1810 (reproduced above) that he was 
engaged on the investigation of alloys of steel before lie analysed 
wooU and that he analysed woota with a view to imitate this 
material by an alloy. However this may he, a similar series of 
experiments trn alloys of iron was then undertaken in France with 
the assistance of the well-known Sochit£ d’Eneouragement pour 
1 T Industrie Niitinnalei a society still existing and doing most 
excellent work. Tins society found the necessary" funds for 
earn ing out some three hundred experiments upon alloys of iron 
with different metals. A report on this subject was presented to 
the society in I82E The experiments were continued to the year 
1824, but did nut appear to result in any commercial development. 
The Societtf ^Encouragement pour ITndiistric National* then 
awarded gold medals to several investigators in the art of steel- 
making. 

Though the French investigations were no more successful than 
Faraday's in regard to any immediate practical application, not¬ 
withstanding the liberal support of the Societe and the labours of 
i4 several investigators/' it is clear that the scientific institution in 
question, by awarding gold medals, realised the importance of the 
work that had been done. Hitherto* we in this country have done 
less than justice to Faraday for his labours in this direction, but at 
any rate it was admitted in France that he was the pioneer in 
alloys research. 

Tlic subject of wootz steel evidently continued to exercise the 
minds of English steelmakers for many years. Thus, in the 
Edinburgh PhiL Journal, Vol IX., April-Odober, 1823, there 





SEQUENCE OF EVENTS 


85 


appears an excerpt from the Cet/km Government Gazette concerning 
a report presented by Mr. Russell to the Literary and AgricultmeJ 
Society of Ceylon on the subject of smelting the iron of that 
country- * + The extraordinary and valuable quality possessed by 
this metal, in being malleable immediately from the furnace, will 
probably attract attention among our manufacturers at home, to 
whom such a property must in many instances prove inestimable* 11 
No doubt i bis waa a kind of wont*. 

Then again, in Ids book, On the Assaying of Iran Ores, David 
M Ulihct devotes a considerable amount of space to the subject of 
woot 2 ore. The following information is specially interesting:— 

" ln 1820* Heath brought home from India 20 tons of wool /. or,- fur 
t he production of steel in the most advantageous manner. The richness 
of the ore, us previously ascertaine d p varied from TO to 72 per cent. As 
there was n a hot blast nt that time and the ore was nearly without 
earthy matter, considerable anxiety was felt as to the correct line to 
pursue* After bringing the ore from India, it was important that no 
error should take place which might prove fatal to the establishment of 
the fact that itou fur steel could be supplied other than from Sweden 
and Russia. 

4+ After most careful examination* experiment and calculation* the 
artificial matrix chosen was limestone bum the Forest of Demi and a 
fusible argillaceous schist. The Tintem Abbey furnace was obtained 
and Wing in good condition at the time mainly contributed to the success 
of the experiment. The first burden consisted of: 


Wootz ore 
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The first furnace charge, 3J cwts. to 1 basket* of charcoal, was composed 
as follows : 

Wootx ore ##.**« 190-02 

Limestone T 10192 

Shale ******* 98d0 

The new charge was filled on the old* but turned out to lie more fusible 
than the old, and overlook it before reaching the hearth* producing 
black cinder, white iron, and injuring the tuyere* The second east was 
grey mottled, and was probably the first east iron ever derived from 
woutz ore* The third charge and sc vend others were smooth-faced 
foundry iron. The total iron produced w r as 12 tons 9 cwU r 
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in al I, upwards of 62 per cent, from the ore. This pig bon was afterwards 
converted in various ways into steel-iron and steel* the reception of 
which in the Sheffield market was so satisfactory ns to determine Mr* 
Heath to erect furnaces in India, where a considerable quantity of pig 
iron, of an excellent quality* has since been made, and is now making 
and being brought home to this country to he manufactured into steel- 
iron. 

14 In India Mr, Heath possessed immense advantage in the rapid 
growth of cord wood* and in Ihe superior weight and quality of charcoal 
it afforded*” 

Further experiments described by Mushet relate to the fusion 
and reduction of wootz ore in a crucible. The ore fused alone 
produced n material somewhat resembling hematite. When 
heated with charcoal, the ore yielded from 63 to 68 per cent* of 
metal in the form of malleable iron or crude steel, according to ltn- 
proportion of charcoal used. Other tests of wootz ore with a 
siliceous matrix gave results from about 35 to 40 per cent. 

Much more might be said concerning this interesting material 
but the particulars given, specially from Lhc first quarter of llie 
nineteenth century, show how highly wootz was esteemed at that 
time, what a tantalising problem ir offered to the investigators of 
those days* and how it was closely associated with if not actually 
responsible for Faraday \ long and patient labours in the difficult 
field of steel alloys. He visualised possibilities which lie could not 
fully realise* but such has been the fate of almost every pioneer. 
The wonder is that* with the knowledge and facilities then available, 
he did so much. 

Meteoric IaOxM 

A good deal of interest appears to have been attracted by 
meteoric iron si bout the time Unit Faraday commenced Ins 
researches on alloy steels, and the material was, no doubt, of special 
interest to Faraday from the fact that it was reputed to be non- 
rusting in nature* 

The following extract from the Journal nf Science and Ike Art#, 
VoL VI. f IBID* is instructive 

44 Meteoric Iran in North America 

“The northern Esquimaux visited by Captain Ross, were observed 
to employ a variety of implements of iron* and upon inquiry being 
made concerning its source by Captain Sabine* lie ascertained that it 
was procured from the mountains about 30 miles from the coast. The 
natives described the existence of two large masses containing it- The 
one was represented as nearly pure iron, and they had been unable to 
do more than detach small fragments of it. The other, t.bev said* was 
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a s toi)e, of wldch tliey could break fragments, whid) contained small 
Globules of iron, and "which they hammered out between two stones, 
And thus formed them into flat nieces, about the siio of half a sixpence, 
and which let into a bone handle, side by side, form the edges of their 
knives. It immediately occurred to Captain Sabine that this rrnght be 
meteoric iron, but the subject was not further attended to till specimens 
of the knives reached Sir Joseph Banks, by whose desire Mr- Bmnde 
examined the iron, and found in it more than throe per cent, of nkfecl. 
This with the uncommon appearance of the metal, winch was portectq 
free from nwt, and had the peculiar silvery whiteness of meteoric iron, 
puts Die source of the specimens alluded to out of nil doubt. The one 
mass is probably entirely iron, and too hard and intractable for their 
management; the other appears to he a meteoric stone, containing 
pieces of iron, which they succeeded in removing, and extending upnn 

a stone anvil. . „ ,. ... . , . 

' Some experiments upon the power oi an alloy of iron wil h mokeJ 
to resist mst. ami upon its fitness for delicate cutting instruments, arc 
now in progress, with the results of which we shall in due tunc acquaint 
our readers.” 

Faraday conducted experiments on such alloys at an curly stage 
in his research and, as noted in Chapter VI., lie concluded that 
nickel alloyed with iron had some effect in preventing oxidation, 
though certainly not to the extent that had been attributed to 
it. while, on the other hand, nickel alloyed with steel appeared to 
accelerate the rusting, 

Faradav's Use of Noiilf Metals 

It may at first seem curious that Faraday should have experi¬ 
mented with the use of such rare metals as platinum, iridium, 
rhodium, osmium mid palladium in the alloying of steel. Possibly 
he may have been influenced by the thought that the most likely 
wav of improving the qualities of steel would be to add noble 
metals sueli as gold, refractory metals such as platinum, and so on. 
In the absence of any existing knowledge on the subject, slich a 
thought would have been quite reasonable. Also, as suggested bj 
a phrase in the report on French experiments undertaken to confirm 
and continue Faraday’s work to which reference is made on p. 256, 
11 it is a natural idea to harden steel as one hardens copper. 

Another fact which should be remembered is that the elements 
now used so extensively in alloy steels-—manganese, nickel, silicon, 
aluminium, chromium, tungsten, cobalt and others —were then 
(ISIS 1 -!82 i) very difficult to obtain. Singular to say, platinum, 
though expensive, was much cheaper at that time than now. 
Faradav hud the advantage of obtaining generous supplies or this 
and its associated metals from Dr. Wollaston, whose assistance he 
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acknowledged on several occasions. It is definitely stated in one 
of the Stodart and Faraday papers that the use of rhodium was 
suggested by Dr, WoUaston, who first discovered this dement in 
crude platinum ore in the year 1803- 

In view of the attention devoted by Faraday to the production 
of alloys of iron containing platinum and rhodium, mid bearing in 
mind that lie hoped to find such alloys specially suitable fur 
mirrors, it is interesting to find, in a recent article dealing with the 
new extension of the Acton Precious Metals Refinery of the Mond 
Nickel Company, Ltd., a number of references curiously remini¬ 
scent of points in Faraday and Stodart’s papers. Thus, the writer 
of the article in question points out that while the reflecting power 
of silver has been largely used in the past in making, for example, 
searchlights and reflectors of various types, yet this metal has the 
disadvantage of tarnishing rapidly and requiring constant atten¬ 
tion. On the other hand, platinum* palladium and rhodium 11 have 
before them a wide field as plating materials, both being corrosion 
and heat, resisting to a high degree. Thus, taking the reflecting 
power of a highly polished silver mirror as 100, that of rhodium is 
70, while platinum and palladium both range round about 00, 
with the tub led advantages of hardness and non-tarnishing. The 
electro-deposition of cither of these metals on, for example* copper 
affords a plating free from all pitting or porosity* and of a far 
warmer and more beautiful appearance than the popular chromium 
Finish of to-day. Alloys of the platinum group metals and coatings 
of the actual metals themselves have thus potential engineering 
applications which await development as soon as their supply at 
reasonable economic costs becomes available. In electrical 
engineering platinum contacts are far more effective and durable 
than any of the platinum substitutes, the use of which m the past 
has in the main been due to the relative scarcity and high cost of 
platinum itself.” 

The following is a list showing the fineness of the platinum group 
metals refined at Acton :— 


Platinum * 
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As an outcome of the improved practice resulting from the many 
researches carried out and in hand, considerable progress may be 
expected, including the cheating of the prices of these important 
elements. It is expected also that these results will greatly widen 
the use of the platinum group of metals, including the special 
attention being devoted to the method of plating them on oilier 
metals. 


CHAPTER VI 

THE BIRTH OF ALLOY STEELS 

From this and the following chapter it will be seen that Faraday s 
work on 11 steel and alloys ” may fairly be regarded as representing 
the birth of systematic research on alloy steels. It was not, it is 
true, the opening of the era of practical utilisation of alloy steels 
on a large scale—that era has been said by eminent metallurgists 
to have opened with the author’s discovery and invention of 
manganese steel, but the author freely acknowledges that Faraday 
forestalled him to the extent of more than half a century as regards 
deliberate research on an extensive series of alloys of steel. 
Faraday was the first to undertake such a research, hence, in 
that sense, his work may truly lie said to mark the birth of 
alloy steels. 

If this be acknowledged, as the author believes it must be, then 
the birthplace of alloy steels was the Royal Institution Laboratory, 
for it was here that Faraday conducted all Ills experiments and 
made all the specimens the full examination of which is described 
in the next chapter of this book. Similarly, Sheffield was the 
birthplace of alloy steels on a larger scale, for Faraday sent all his 
materials for the manufacture of alloys “ in the large way ” 
down to Sanderson’s works at Sheffield. It was at Sheffield, too, 
that the firm of Green, 1’iekslay & Co. made cutlery and the 
fronts of stoves and fenders from certain of Faraday’s alloys, as 
mentioned later in this chapter. It was at Sheffield that the 
author discovered and invented manganese steel, also silicon steel, 
followed by his further steel alloy researches between the years 
1889 and ly|5 with regard to the effect of aluminium, chromium, 
nickel, tungsten, cobalt, copper, titanium and molybdenum upon 
the metal iron. Thus, while the Royal Institution should be 
regarded as the birthplace of alloy steels on the laboratory and 
experimental scale, their first industrial application tentative and 
temporary in Faraday’s time, but enduring and ever increasing 
since the eighties of the last century— was in Sheffield. As a 
Sheffield man himself, the author is naturally proud of the fact tliat 
his native city has been so closely associated with this, as with so 
many other important developments in ferrous metallurgy. 
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Credit Due to Faraday 

It is really wonderful what Faraday accomplished when one 
considers the date at which he worked on steels. the very limited 
amount of information then available on the subject, and the poor 
means at his disposal for accomplishing the many difficult opera¬ 
tions involved. 

First and foremost, he set himself the problem of making and 
investigating an extensive range of alloys of steel with most 
of the then known dements which offered the possibility of being 
alloyed with iron. He is entitled to great credit for being the 
first to visualise and conduct a correlated series of researches of 
this kind. Then, having planned his work p Faraday overcame 
extraordinary difficulties in melting Ids materials and making his 
alloys with the equipment at his disposal in the basement of the 
Royal Institution, A u blast furnace hand worked 15 and the 
crucibles of those days formed poor facilities for dealing w ith such 
refractory materials as alloys of platinum and rhodium with steel* 
to mention only two of the alloys which he produced. His Ingots, 
or rather M buttons* 51 uf alloy ware left in the furnace to cool in the 
crucible. Forging them would not be an easy job* but it. was 
accomplished. Some of the later and larger melts were, of course, 
prepared in Sheffield^ and, no duubl h StodarL, whose business was to 
work steel for cutlery and surgical instruments, was able to forge 
some of these experimental ingots in his ow n workshop. Neverthe¬ 
less, it is evident that Faraday did wonders with his own hands and 
with comparatively crude resources in the Royal Institution itself. 

After very careful examination and consideration of records and 
papers covering the period 175)7 to 182 4* including, of course, the 
two papers by Stodart and Faraday* st Experiments on the Alloys 
of Steel made with a View to its Improvement,' T read in 1820 before 
the Royal Institution, and “ On the Alloys of Sted f ,f read in 1822 
before the Royal Society, the author has no hesitation in saying 
that Table V., p. 1154, represents alloys of steel actually produced 
and investigated by Faraday at the Royal Institution, 

These specimens were undoubtedly produced by melting the 
ingredients in the experimental “ blast furnace n situated in one 
of the basement rooms of the Institution- This equipment is fully 
described in Faraday’s book Chemical Manipulation and referred 
to on p. ffO of this book, A general view of the laboratory is 
shown in Plate XXVI. # reproduced from the Second Edition of 
Professor W. T. Brando's Manual of Chemistry, published by 
John Murray in 1821. 
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Always a leader, Faraday was greatly in advance of his time in 
regard to steel alloys. Neither the materials nor the means were 
available for full development of his ideas, and there was nothing 
like the present-day scope for special steels. In fact, even mild 
ear bon steel had not yet come into its own ; east iron and wrought 
iron were the only ferrous materials used on any extensive scale. 
At the same time, the fact that Faraday's work was so far in 
advance of the requirements of his day should not cause us to 
overlook the fact that he was the first to commence the systematic 
exploration of the field of special steels. 

Condition a under which Faraway Worked 

Before going un to consider the several phases of Faraday's 
work in greater detail, it is instructive to examine the conditions 
under which he worked and the facilities at his disposal. The 
general state of knowledge concerning iron and steel at that time 
may l>c gathered from the notes in Chapter IY* f and it is not 
necessary here to say more on this subject* We may, however, 
learn much from a study of the laboratory equipment and other 
facilities—or* from the modern point of view, lack of facilities— 
with which Faraday had to work* 

In one respect Faraday enjoyed a special advantage. He had, 
as it were, Stodart at one elbow and Wollaston at the other. To 
Stodart lie could turn for practical assistance In the forging and 
finishing of trial knives, razors, or other cutting instruments, for 
advice as to the requirements of the cutlery trade of those days, 
and for introductions to steelmakers if he desired them. On the 
other hand, he could and did obtain from Or. Wollaston much assist¬ 
ance in the way of supplies of platinum and other special elements, 

Jn other respects* however, Faraday had little enough at his 
disposal in the way of existing knowledge or facilities fur such a 
dilheult research ns that on steels. 

Apart from the limited amount of metallurgical knowledge avail¬ 
able at the time when Faraday embarked on his steel researches, 
there was a complete absence of many pieces of apparatus now 
considered essential to the scientific examination of sled, such 
ass mechanical testing maefunes, apparatus Tor metaUographic 
examination, magnetic testing and so on. Many of the conveni¬ 
ences of life which we take for granted were still unknown, Gan 
lighting had been introduced in London a few years before (West¬ 
minster Bridge was lighted by gas in ISIS), but it was by no means 
general* and the first really practical friction matches were made 
in England by Julm Walker, of Stockton-on-Tees, in 1827—three 
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years after Faraday discoid inued h i& work on steel . Before mat dies 
became common* flint, steel and tinder were the ordinary means of 
making lire, but in a laboratory oncconlil indulge in the luxury of 
a phosphorus bottle* In his leal Matnpulatio in, p- 22 f 

Faraday says 

■* For the eupyrion may be substituted the phosphorus bot tie, made 
by stirring a piece of phosphorus about in a dry bottle with a hot witc ; 
the phosphorus undergoes partial combustion and forms a highly 
combustible coat over the interior : a common sulphur mutch rubbed 
against the inside of the buttle and drawn out into I he air immediately 
jinnies ; or if it should not do so* a second stir with the hot wire* or two 
or three days’ rest, will generally render the bottle a pood one.” 

The satisfactory means of “ getting a light 11 obviously depended 
on having means of heating a wire to begin with I The author lias 
given this quotation at length because it helps to bring home to us 
the extent to which the scientific investigator of a century ago 
was not merely unaided by modern facilities, but actually hampered 
by lack of common conveniences to which we arc so accustomed 
that we rarely give them a thought* 

Similar difficulties arose from the lack of all means of mechanical 
transport* Faraday describes the preparation of mixtures to be 
taken to Sheffield by coach for melting* There were no railways in 
those days. The famous Darlington and Stockton line had 
certainly not lx-en opened and probably its const ruction was not 
even started. 

Even by express coach service the journey from London to 
Sheffield occupied twenty-four hours, as witness the following copy 
of un advertisement appearing in The his* or Sheffield Advertiser of 
November 5th, 1822 ;— 


“John LaMBEHt & Co.* most rcspecLfnlly inform the Public in 
general, that they have reduced the Fares and Rates of Carriage to 
Loudon as under. 

11 The Express leaves the Tontine inn every day at Twelve o Clock 
passing through Nottingham* Leicester, Northampton, Dunstable, 
la the Bull and Mouth Inn, Butt and Mouth Street, Kdndotu where it 
arrives by Twelve o "Clock the following day, when Goods will be 
delivered immediately on arrival. 

Inside Fare * , . * £2 12 6 

Outside * . * . ITU 

.Simdl parcels « . * . 0 1 B 

Goods per lb, * » * , 0 (t 1J 

Performed by 

John LAHaKttT and Co. 


Who will not be accountable for Passenger** Luggage, Plate, or any 
Goods above Five Founds in value* unless entered as such and paid for 
accordingly/* 


0* 
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A similar service from Sheffield to Birmingham was maintained 
by the Royal Telegraph coach, which completed the journey of 
eighty miles in nine and a half hours, and connected with coaches 
for ** Bristol, Worcester, Warwick* Oxford and all parts of the West 
of England.” 

The use of iron instead of wood for ships did not become 
common until thirty or forty years later, and the era of steam- 
ships for mercantile purposes can be considered to date from 
about 1880, or sixty years after Faraday^ experiments on steel 
alloys. 

Cast iron and wrought iron were the chief ferrous materials uf 
construction when Faraday f s genius foresaw the importance of 
alloy steels. Puddled steel was known, but it was only used for 
comparatively few purposes. Cast steel was also used! being 
made by the crucible process introduced by Huntsman* but its 
manufacture was restricted to comparatively small quantities of 
the higher carbon steels, and its applications were almost entirely 
for tools, cutting instruments and similar purposes. It was nearly 
forty years Iater T in 1850, lhat Bessemer read Ids first paper at 
Cheltenham describing the art of producing the material known as 
Bessemer steel. 

Examples could he multiplied, but it is almost impossible for us 
to form anything like a complete mental picture of the conditions 
existing about the time 1810-18*24, Almost everything to which 
we arc accustomed, specially in regard to steel, was then unknown— 
the picture consists mainly of a series of blanks ! All the more 
honour to Faraday* who conceived a research in many respects fifty 
years or more ahead of Ids time, and with his own hands made so 
many alloys of steel of such varied and interesting qualities. 

In a letter to his friend Professor G. do la Itive* Faraday gave 
3 general summary of Ids researches on the alloys of steel and 
pointed out that he and Stodart carried on their experiments for 
two years under very laborious conditions, concluding by saying 
he hoped that “ you {de la Rive) would applaud us for our perse¬ 
verance at least.” Still more ought wc to applaud Faraday's 
perseverance, for to-day. with all the knowledge and resources 
which we now' enjoy, it is difficult indeed to appreciate the full 
magnitude of the obstacles which lie overcame. It should be 
here mentioned that Faraday was given much credit by the French, 
also Russian, authorities of that time with regard to his metal¬ 
lurgical investigations. His truly remarkable book Chemical 
Manipulation —probably the most detailed and lucid laboratory 
manual ever written* and one which might still lx: used with profit 
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by every student-shows how primitive were the resources at his 
disposal and what excellent use he made of them. 

Fa bap ay's Facilities Contrasted with Those of To-Day 

It lias already been stated that Faraday had nothing in any way 
comparable with the equipment and facilities of a modem labora¬ 
tory to aid hi in in his researches. The significance of that fact 
may he better realised* perhaps, by taking a few actual examples to 
show the difference between conditions then and now. 

In the first place, Faraday's chemical methods and equipment 
were very primitive as judged by modem standards. Quantita¬ 
tive chemical analysis was practically unknown, and the symbols 
and methods of expressing chemical reactions were still confused 
by the signs of the alchemists as shown on p F 15 of Chapter tl. 
Now* however, chemistry is a precise science. The metallurgical 
chemist of to-day can separate and account for every element 
in even the most complex compounds and alloys, while using 
an extraordinarily small quantity of material for the purpose. 
No better example of this could be given than the remarkable data 
in Chapter VII + showing that in the 493 analyses made in this 
research on Faraday's steel and alloys, the total weight used up 
for these determinations represented only GJ ozs. of met ah 

Microscopic investigation as practised to-day* using specially 
prepared and etched sections p was unknown in Faraday's time, 
though Faraday showed his appreciation of the importance of the 
structure of steel by examining it through a magnifying glass 
an d pro ba biy by the n i i c rosci *pc shu wn in Y\ ate NXVI11. Spcctro - 
scop re and X-ray investigations, now of great and increasing 
importance as aids to metallurgical research, were then unknown. 

The mechanical testing of steel and alloys a century ago was 
usually restricted to purely qualitative tests of brittleness, hardness 
and forgeability, using hammer, chisel and file, though Davy, in 
18V1, cited the tensile strength of a fine iron wire as referred to 
on p, 65* To-day the mechanical properties of any steel can be 
determined fully and accurately ns regards tenacity, including elastic 
limit and yield point*also compressive and shear strengths, hardness, 
impact value, fatigue limit and other physical properties* Also, 
the work of Osmond> Arnold* H. le Chatelier, Roberts-Austen, 
Stead* Chevenard and others has enabled us to prepare pyrometric 
data, also heating and cooling curves, and tn base valuable deduc¬ 
tions thereon; while we have the advantages of electrical and 
magnetic testing apparatus of a very high order, far beyond 
anything known or available in Faraday's time. 

Nor must the work of the metallurgical chemist be forgotten; 
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his part in metallurgy is one of the highest order. In an article by 
the author, which appeared in the Daily Herald of June 8th. 1031, 
as part of a special series in relation to Science in Industry, the 
chemist's share in the progress of metallurgical science is fully 
described* As there stated it is about 150 years since the study 
of steel by chemical methods began, for one of the earliest records 
of such a study is contained in a dissertation by Torbem Bergman, 
of the University of Upsala, published in 1781. 

A little later followed the work of the French chemist Berthollet, 
who recognised that the differences in the varieties of iron were 
determined by the carbon contained therein. In 1827 Knrsten 
separated from soft steel a compound of iron and carbon, thus 
preparing the wav for later work by Sir Frederick Abel, F.R.S., who 
isolated the carbide compound now recognised ns of fundamental 
importance in the metallurgy of steel. 

The author would also mention Mr. Edward Riley, who in 1808 
joined the staff of the Dowlais Ironw-orks us a chemist, and there 
m 1857 helped to carry out the fust experiments on an industrial 
scale with the Bessemer process, which Is still of prime importance in 
the steel industry; aim Hr. John Percy, F.R.S., whose name appears 
prominently in this book. Then followed the world renowned 
names or Messrs.Thomas,Gilchrist and Smdus.who effected a revolu¬ 
tion in steel manufacture by the introduction of the basic process. 

Amongst British metallurgical chemists may be mentioned the 
late Professor W. C. Roberts-Austen, Professor A, K. Huntington, 
Dr. J. E. stead, F.R.S., and Professor J. O. Arnold, F.R.5. Much 
sendee has been rendered by Mr. F. W. Harbord, F.I.C., A ft £ Ilf 
including that in his well-known book The Metallurgy of Steel ; 
by Professor Henry Louis, M.A., B.Sc., Sir Hamid Carpenter, 
F.R.S., Dr. . Roscnhain, F.H.S., Mr. E. II, Saniter, Professor 
T. Turner, and many others. 

Abroad may be mentioned Professors R. Akerman, S. .Arrhenius, 

C. Benedicks, E. D. Campbell, A- S. Cushman, H, Eglcston, G. 
Freminvilli!, F. Giolltti, FT. M. Howe, Zay Jeffries, A. Ledcbur, 
I', F. Lucas, A. Poured, II, Moissan, Bj traduc-Mfiller, A. Sauvcur, 

D. Tschemoff, II. Wedding and others. 

Facilities of the highest order arc now available for the melting 
and preparation of steel whether in the crucible, open hearth, 
converter, or electric furnace, including the latest type of the 
latter, the high-frequency induction rumace. Faraday's equipment 
in 1 hese respects was limited to crucibles of variable r] unlit v, and a 
hand-blown “ blast furnace ” as described later ia this chapter, 
lie had nothing at all comparable with modem electrical and 
optical pyrometers for the convenient and accurate measurement 
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of high temperatures, and he appears to have made no attempt to 
measure the temperatures of fusion of lib various alio vs. He was, 
as Shawn on p* 98, aware of the importance of heat treatmerit 
and the general utility of pyrometers as then available, but, if he 
had wished to measure the melting points of steel alloys, the only 
means at his disposal would have been the " thermometer pieces M 
of day devised by Josiah Wedgwood, which, whilst useful, at the 
best could only afford comparative data on an arbitrary scale, 
or the Daniell pyrometer, an apparatus which formed as the author 
shows elsewhere part of the equipment of the Royal Institution 
Laboratory, The many types of furnaces and pyrometers now 
available for the melting and heat treatment of steel and alloys 
find no parallel in the equipment available either to Faraday or 
to the Sheffield firms who made and used some of the alloys. 

Curiously enough the high-frequency induction furnace, which is 
the latest type of equipment for melting refractory materials, is 
yet another practical application of Faraday's wonderful discovery 
of electromagnetic induction. This discovery was not made until 
some years after Faraday abandoned kb researches on steel, and 
great advances had to be made in electrical technology before the 
discovery could be applied us it is to-day, hut it ought not to be 
forgotten that we owe to Faraday the drat systematic research on 
alloy steels, and the important discovery which led to the latest and 
best method of preparing alloy steels free from any possibility of 
contamination, When Faraday succeeded in preparing his speci¬ 
men (No. 3I/D.4, Table V + j containing only 0-07 per cent, 
carbon by means of his little 11 blast furnace ” he performed an 
operation of much greater technical difficulty than is now offered 
by the melting of pure iron in a high-frequency furnace. 

One other point, by no means the least important, deserves to 
be mentioned specially. To-day we have an easy and plentiful 
supply of pure metals and a wide range of ferro-alloys, which make 
it a com para Lively simple matter for the experienced steelmaker 
to prepare any desired alloy steel. In Faraday's time, however, 
there was no source of supply of ferro-alloys, with the exception of 
spiegel—and even that was not used in tins connection for Faraday 
never mentions the preparation of an alloy of steel with manganese, 
and none of his specimens examined by the author shows any 
evidence of the deliberate introduction of manganese. 

Faraday's Pyrometers 

Though, as mentioned above, Faraday had no means comparable 
with ours for the easy and accurate measurement of high tempera- 
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tores, he refers in his book Chemical Manipulation to the Darnell 
pyrometer, which depended for its action on the difference between 
the expansion and contmet ion of a platin u m bur and a t ube of 
black lead ware in which it was contained. These differences were 
indicated by the movement of an index connected to the bar over 
a circular scale attached to the tube. In an improved form of the 
instrument the scale was separate from the Indicating purl. so that 
the latter could be placed wholly in a fire or even immersed in 
molten metal. Faraday considered this pyrometer to be much 
superior to any oilier means then available for the measurement 
of high temperatures, but* with true prophetic Insight into the 
course of future developments, he drew attention to 14 thermo¬ 
electric indication^ founded on Secbcek’s beautiful discovery.” 
At that time, “ the direct application of the method to the deter¬ 
mination of the higher temperatures had not been made practical 
in the hands of an ordinary' observer,” but nowadays thermo¬ 
couples arc used in countless thousands for the measurement of all 
temperatures up to the limits imposed by the melting points of the 
metals employed in the thermo-couples themselves. 

Faraday foresaw E.he importance of pyrometric development and 
application, which in its turn, and quite apart from the work of the 
chemist, lias been one of the means of helping to revolutionise steel 
practice whether as regards the actual production of the steel or 
its subsequent heat treatment. 

The Wedgwood pyrometer brought out in ] 782 was the first 
practical instrument for measuring high temperatures, and the 
next step in advance was the expansion pyrometer of Danicll in 
1822. Subsequently the Siemens copper ball water pyrometer 
was evolved. These remained for a long time practically the only 
instruments available. Since that time the developments brought 
about have been through the introduction of the Siemens resistance 
pyrometer, the improved reliability of which type resulted from 
the researches of Professor Callendar and Professor Griffiths, and 
the thermo-electric pyrometer brought into successful operation 
by Professor H. le Ch atelier* To all these pioneers we owe a great 
debt of gratitude* Still biter were the valuable optical pyrometers, 
in the development of which If, le C hatcher also played such a 
leading part. 


Fa n a day’s Furnaces 

One of the first questions that arises in considering Farad ay *s 
remarkable researches on steels, including alloys of steel with such 
refractory metals as platinum * is : How did be melt his ingredients ¥ 
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Fortunately, there is a complete answer to this in his book Chemical 
Maniptdaiimu Therein, he describes a whole scries of furnaces 
consisting essentially of perforated black lead or earthen crucibles 
(forming the body or outer casing), burning char coal or coke on a 
cast-iron grate, and provided with forced draught when the highest 
temperatures were required. He gives the most detailed instruc¬ 
tions concerning the preparation of these furnaces, the location of 
the air holes and grate, the strengthening of the walls by binding 
wires, the arrangement of cowls and dues and the manipulation of 
bellows to intensify the draught and heat — in fact, such instruc¬ 
tions ns would enable us to build exact replicas of the furnaces he 
used. The manipulative hints given m his book leave no shadow 
of doubt that lie was thoroughly familiar with the use of these 
furnaces at all heats up to l he highest the crucibles would 
stand. 

The following is Faradaydescription of t4 a most excellent 
blast furnace, w hich has been in use for some year* iu the laboratory 
of the Royal Institution* 1 * and was evidently the one used by 
Faraday to melt and prepare hh alloys of steel. The accompany¬ 
ing illustration Fig. I is from Faraday's own sketch of the 
furnace. He say a 

“ It is sufficiently powerful to melt pure iron in a crucible in twelve or 
fifteen minutes, the ire having been previously lighted. It will effect 
the fusion of rhodium, and even pieces of pure platinum have sunk 
together into one but tun in a crucible heated by it. AH kinds of crucibles, 
including the Co mb It nod the Hessian, soften, fuse, and become frothy 
in it■ and it is the want of vessels which bos hitherto put a limit to its 
applications. The exterior consists of a blue pot eighteen inches in 
height, nrnl thirteen inches in external diameter ui the top. A small 
blue pot, of seven Inches and a half internal diameter at the top. had 
the lower part cut off* so as to leave an aperture of five inches. This, 
when put into the huger pot, rested upon its lower external edge, the 
tops of t he two being level. The in terval be tween t hem T wh ich gradually 
increased from the lower to the upper part, was filled with pulverized 
glass-blower's pots, to which enough water bad been added to moisten 
the powder, which was pressed down by sticks, so as to moke the whole 
a compact mass. A round grate was then dropped into the furnace* 
of such a size that It rested about an inch above the lower edge of the 
inner pot: The space beneath it therefore constituted the air-chamber, 
and the port above the body of the furnace. The former was 7\ inches 
from the grate to the bottom T and the Latter 7 j inches from the grate to 
the top. Finally a horizontal hole, conical in form, anil 1J inch in 
diameter on the exterior, was cut through the outer pot, forming an 
opening into the air-chamber at the lower part, its use being to receive 
the nozzle of the bellows by which the blast was to be thrown in. The 
furnace being thus completed, the next object was to dry it gradually, 
that when used it might not be blown to pieces by ecu dined aqueous 


100 


THE BIRTH OF ALLOY STEELS 


vapour; a charcoal fire was therefore made in it, and left to burn for 
some hours, being supplied with air only by the draught through the 
hole into the chamber beneath* When vapours ceased to be formed* 
the furnace was considered as ready for use. 

w This furnace has always been used with a pair of large double bellows 
mounted in fui iron frame, the former being raised upon a stool so as to 
bring the aperture of the air-chamber to a level with the nozzle of the 
bellows. The latter has generally been inserted in the aperture; for 
this and similar furnaces are of such depth, compared to their width* 




Fig. 1.—Ftmuiay's Plan Furnace. |lit full site. 

urged w ith a crucible rad fuel, t here is so much resistance 
io tue passage of the air, wben urged by a blast competent to create 
and sustain a vivid combustion, that a part returns by the side of the 
nozzle, if the aperture be left open. The bellows spoken of is far larger 
than necessary for the furnace described* and is rarely worked to one- 
third of its pow r f r; for otherwise the heat rises so high ils to destroy 
the crucible, and the results arc lost; it is* however, at all times advisable 
to have an Abundant command of air, 

“ The heat produced by this arrangement is such* as at every violent 
operation* to cause the production of some &lag from the melting of 
the inner surface of the furnace itself, where the combustion has been 
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most vivid. The sing* running down the interior* collects round the 
edge of the grate* and should be removed with n chisel and hammer, or 
with an iron rod, after each operation, that the grate may br dear and 
free from obstruction for the next process. When, in the course of time, 
the interior nf the furnace is so far injured ns to bec ome thin and weak, 
it must be displaced, and the furnace restored to its original state, by 
the introduction of a new inside as before, 

“ The fuel to he used in this furnace is coke. Its consumption is very 
siiiidl F considering the heat that is obtained, in consequence of the short 
period of each operation. The superiority of the blastfurnace over the 
wind furnace * in many operations for which high temperatures are 
required, depend# upon the rapidity of its action. It is requisite to 
employ Lliis furnace m the open air, or under a well arranged vent* for 
an immense number of sparks* much flame, and a current of hot air 
arc produced during its operation, which might occasion serious mischief 
in a room, unless the ceiling were at a considerable height, or guarded 
by a metal screen. 

" fn. using a blust-funiArc like the nne described, some circpmstancc^ 
have to be considered relative to the nu t hod of applying the stream of 
air. 1 f a s n tall pai r of he Stows be i i sed* t he nnzz] c of which is eons idcrnhly 
less than the aperture into which the air is propelled* then a much larger 
quantity of air is made to enter, if the nozzle he a couple of inches or 
Jisure from the hole on the outside than if it be actually Inserted \ for* 
in the latter cose, little more than tlie stream of air from the bellows is 
thrown through the furnace, whilst in the former a large additional 
quantity is propelled and drawn by the advancing stream, and carried 
with it ; just, indeed, as happens with the blow-pipe jet of air where 
the flame and neighbouring atmosphere is drawn into the current 
formed by the propelled central stream. Hence if the bellows be smalt 
and the fuel not too compact, advantage may be taken of this circum¬ 
stance, and the heat more highly raised and sustained than if the effect 
in question were unattended to. 

* L driest Icy, and after him Lavoisier* proposed the application of oxygen 
to furnaces, to increase the rapidity of combust ion* and consequently 
the intensity of heat: but it will evidently be unnecessary to employ 
it whilst furnaces in which common air is used continue to be more 
than equal to our means, in consequence of the limit put to their applica¬ 
tion, by the inadequacy of the vessels we possess to resist higher 
temperature */ 1 

The more one reflects upon the remarkable acuity of observation 
and powers of deduction displayed by Faraday throughout this 
truly scientific and practical work, the more one regrets that he had 
none of the special facilities now at our disposal. With them there 
would have been no bounds to the discoveries he might have made. 
One is tempted to regret that he lived so soon and that so rare a 
combination of zeal, ability and intellect existed before circum¬ 
stances were such as to permit the results which might now be 

• A Jett P<™rrfiil lyp* of funnier aka dreerithed in Faraday'* Chemical Manipulu* 
fiofi; he uskJ ihff ,J l>LiiHl fllmiiec ** for his rtctl n^curche^ 
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obtained. Actually, of course, Faraday** industry, skill and 
genius found full employment. He discovered much that was 
unknown before, and laid many of the foundation on which later 
workers built. 

By a strange coincidence, Faradayk last public address, on 
June 2Gth, l8G2 h was a masterly explanation of the Siemens 
^generative furnace, at that time a new invention. The paper 
dealt primarily with the application of this furnace to the melting 
of glass, but it also went further, dealing with the theory of the 
furnace with all the lucidity and scientific insight for which 
Faraday was famous* Thus, at the end as well as at the com- 
mcneumciLt of his active career we find Faraday speaking and 
writing with evident authority upon the construction and operation 
of what may be regarded as typical examples of the best furnaces 
available lor specific purposes at the respective dates, some forty 
years apart. 

The lecture of IH02 mentioned that Siemens had combined the 
two principles of gas heating and heat regeneration, and applied 
them successfully to a great variety uf cases, including potters’ 
kilns, cnamellers® furnaces, zinc distilling furnaces* iron puddling 
furnaces and glass furnaces, The glass furnace specially described 
had an area of ~±H feet long and 14 feet wide, and contained eight 
open pots each holding nearly 2 tons of material. 

Although the science of thermodynamics was still in its infancy 
at the time of the lecture, the statements dealing with certain 
aspects of the heat balance were remarkably accurate. Julius 
Thomsen had only commenced his varied and important researches 
ml - heats of reaction in 1353* Bert helot’s contributions were not 
to commence until 1335, three years after this lecture was 
delivered. Faraday emild only therefore be in possession of the 
data which had resulted from Thomsen's work- In regard to this 
aspect of the communication it U interesting to note that the 
distribution of heat is defined Ln terms of a temperature scale* thus, 
in the gas producer 44 carbon burnt perfectly into carbonic acid . . * 
would evolve about -4000° of heat* but if burnt into carbonic oxide, 
it would evolve only 1200'. The carbonic oxide, in its fuel form, 
carries un with it the 2300 in chemical force, which it evolves when 
burning in the real furnace with a sufficient supply of air. The 
remaining 1200° arc employed in the gas producer in distilling 
hydro-ear boms, decomposing water, etc.” 

We should speak to-day of the “ cold gas Tt efficiency of the 
producer* It approxinlutes Lu Lhc value of the ratio 0-70 given by 
Faraday. Again, it is stated, 44 the whole mixed gaseous fuel can 
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evolve about 4000 s F, (2200' C.) in the furnnoe + to which the 
regenerator can return about S000 v F< (1670° Cl) more.' 5 Actually 
the calorific intensity of a producer gas flame, with regeneration 
tempera Lures of 1000" C. and the most perfect muting, is 2500- 
2 GOO 1 CL, and, without regeneration, 1750 C. The true flame 
temperature, by reason of the energy radiated from the flame is 
probably not above IS50° C., and the maximum temperatures 
attained in regeneration of the order of 1400° C. If one considers, 
however, that the optical pyrometer had not lieen developed, and 
that the interpretation of a heating intensity had to be based on 
such calorimetric measurements of the heat of combustion as 
existed at that time* together with what amounted to an approxi¬ 
mate knowledge of specific heat* it is remarkable that the values 
given by Faraday should approach so nearly to the true exchanges 
of heat occurring in the operation of the Siemens regenerative 
furnace* 


Fauao.vv's Crucibles and Refractories 

In Faraday's lime the available refractory materials placed a 
limi t on the temperatures which lie could use in his experiments. 
Greater heat could he attained in his simple 14 blast furnace " than 
the best crucibles nl his disposal could withstand. However, he 
displayed the utmost ingenuity and resource in utilising imperfect 
materials to the l>est advantage, so as to subject specimens to great 
heat while avoiding undue destruction of crucibles and, specially, 
guarding against contamination of metal by fuel and slag. The 
precautions he took to this end may be realised from perusal 
of the chapter on Crucible Operations in his book Chemical 
Manipulation* 

He distinguishes between the ordinary crucibles of the tunes as 
relatively soft and unable to withstand the action of fluxes and 
temperatures higher than bright red heat; Hessian crucibles, much 
harder and altogether more resistant to heat and fluxes ; and Cornish 
crucibles, of even better quahty. In addition* there were 44 blue 
pots ,r or black lead crucibles made of a mixture of coarse 
plumbago and chy; these were generally of larger size and were 
suj:>erior to the ordinary crucible, but could not be used where their 
iron and carbon content would be injurious Faraday was well 
aware of the advantages of charcoal crucibles or charcoal-lined cru¬ 
cibles for certain operations of reduet ion ; and 14 on particular occa¬ 
sions, 12 presumably where additional strength was required at very 
high temperatures, he used double crucibles made by placing one 
inside a larger one, and filling the space between with Stourbridge 
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clay. He refers also to the advantage* in some circumstances, of 
titling a platinum crucible Inside a Cornish one and* in fact* he was 
evidently thoroughly acquainted with every device and expedient 
for making the best use of his crucibles. 

Notwithstanding all his care* the temperatures he reached were 
sufficient to soften his crucibles and even to cause their complete 
collapse. Having evidently learnt by painful experience* he makes 
various useful suggestions for relieving the crucible of mechanical 
load in the furnace and for protecting its contents from con¬ 
tamination and loss. He hud discovered, and warns the student 
against, the risks of damage to crucibles by the corrosive action of 
various fluxes and compounds, and he was equally aware of the 
dangers of contaminating the contents; of the crucible by absorp¬ 
tion from the latter* Thus lie refers in one place [Chemiml 
Manipulation, p. 292) to the fact that either wrought iron nr c ast 
iron heated intensely in an earthen crucible will be found to have 
combined with silicon and he says, in some cases* with aluminium. 
There can be no doubt that he obtained much of bis knowledge 
concerning the proper and advantageous use of furnaces and 
crucibles in the course of his investigations on alloys and, in securing 
this information alone* his time was far from wasted. If we had to 
rely upon similar furnaces and crucibles to-day we could take 
Faraday^ advice as being entirely sufficient to guide us to the best 
possible results. 

How F AH AD AY PbEFA JIED HlS ALLOTS 

A dear insight Into the methods Faraday used in preparing his 
specimens of steel alloys can be derived from the following extracts 
(CAemirsI pp. 29G-299);— 

,s The utmost heat I bat can be given to a crucible is to be attained in 
tile laboratory by such a blast furnace as has been already described * ; 
the fuel being coke* or coke and charenaL When of the dimensions 
specified, it will heat a crucible three inches and a half high p and two 
inches and three-quarters in its upper diameter, very highly ; and one 
nut more than one inch and three-quarters diameter at the top, intensely. 
To acquire the most powerful heat* the crucible should be raised about 
one and a half or two inches from the grate* and covered with at least 
tin- same depth of fuel. Hence arises n necessity for supports and covers* 
capable of resisting intense temperatures. The best supports would be 
crucibles made of the Cornish or Hessian day* of a cylindrical form, 
frutu one and a half to two inches in height^ and from half an inch to an 
ind» internal diameter; the closed end being put upon the grate* and 
the bottom of the crucible on or into the aperture above, where it w a ould 


* Sec p. an of this book. 
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be steadily retamed. Bui in the absence of such sup[joft^, recourse 
must be had to Cornish or Hessian crucibles* and one being selected with 
a Hat bottom, it must be placed upside down, with the mouth upon the 
grate. Front the irreguinr form of the bottoms of these crucibles and 
the necessity of choosing them ns narrow as possible, that. the fuel 
may be close to nil parts of the crucible to be heated, the latter 
is necessarily, when simply placed upon the stand* very tottering: 
it is* therefore* generally advisable to lute the crucible and stand 
together with a little Stourbridge day* a small portion being put 
between the two surfaces, and m ore at the side, so as in fact to make 
the two vessels into one* their bases being attached together. Such 
luting must be well dried for a day or two before it is placed into the 
furnace, 

11 With respect to covers, the arrangement is more diklLCuU* in conse¬ 
quence of the absence of those necessary aecompariiiurnts to Haitian 
n ■■<‘ildi s* and the unci rtamty attending the supply of them with Cornish 
crucibles. Supjwsc that iron or steel is to be heated without contact 
of carbonaceous or extraneous substances of any kind. A common 
English cover will not answer the purpose, because it will melt and run 
into tile crucible, A larger crucible of lhe same kind ruay be tumid 
over it* and [ultd at the edges; but ihis inconveniently increases the 
size of the mass to be healed, which when the highest temperature is 
required* should be small ns possible. A smaller crucible of the same 
kind may be inverted and put inside the other, and the interval Idled 
by a luting of Stourbridge clay ; but the heat contracts the lute* the 
fissures of which may receive particles of fuel and This is the more 

probable, because in all cases of a blast in the surface from below' 
upwards* there is an eddy in the stream of air above the crucible* 
which stands us a fixed obstacle in the current, and which causes 
the return and accumulation of numerous small particles upon the 
top. 

+ir The method that has been found to answer beat, is to beat, up some 
Stourbridge day with water into stiff paste* to make it into n cake the 
fourth of an inch thick* to put it over the lop of t he crucible, to press it 
down with a common English cover of proper size, so as to force a cake 
of the damp clay into the crucible, and cut off the excess by its edge, 
and then to finish by luting the edge of the cover and the side of the 
crucible together. This is to he done before the crucible is luted upon 
its stand s and the whole » to be well dried previous to being used* 
When beat is applied, the internal cover of lute becomes baked* and 
though it diminishes in siec* yet, from the form of the crucible, it seldom 
sinks down to the charge ; and if the English external cover soften and 
fuse, it is still supported on the former* and generally serves to keep out 
impurities. 

" When the crucible is of charcoal, or is lined with charcoal, and 
consequently has a charcoal stopper inside* the common cover may he 
put directly over it and luted; and even in plain crucibles, when char¬ 
coal is not injurious* an internal cover of it, formed out of one or several 
pieces* may be used instead of the pkte of bite, and the ordinary cover 
then put over it. 
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11 The furnace being clean and Lii order, and the crucible with its 
luted cover mid slant! dry, the Latter is to be placed steadily on the grate 
of the furnace * a few pieces of lighted charcoal are to he dropped in 
and covered by cold charcoal to the depth of two or three inches* nod 
the whole left until the combust ion lias spread amongst the fuel; the 
air will find sufficient access through the aperture beneath. When the 
crucible becomes warm, coke is to be added so as to cover it, and the 
temporary flue is to be adjusted, Lo assist the draught. When the fuel 
in nearly red hot mi inch or two below the surface* more coke is to he 
added until it rises about l wo or three inches above the crucible* the flue 
is then to he replaced, and the combustion to proceed until the crucible 
i I self is red hut. Thifc will occupy perhaps an hour, and require attention 
only at the short intervals when coke is to be added. The course 
described is adapted to the object of raising the heat steadily and 
gradually to redness ; it may be well to explain* that the cuke should 
not be put on until the crucible has been somewhat warmed by the 
charcoal, to prevent the deposition upon it of the water driven from 
the Inch Having attained A red hent, the flue must be removed, 
the bellow* applied, slowly at first, and more powerfully a* the 
heat rises* uutd the highest point required, or that is possible, he 
Attained. 


'■ When very high temperatures are required, as in l he fusion of pi at inn 
or rhodium. the crucibles become so soft as to sink and fold like leather, 
and the results ore often lost. This Is sometimes due in part to the 
pressure of the fuel upon the crucible* and may be prevented by lumping 
a shelter over it. A long narrow English pot* having a mouth a little 
larger than the crucible to be he ated, is to be selected, And a hole made 
through its but Lorn ; by passing an iron rod with a hooked end through 
this hole* the pot may be suspended m an inverted position over the 
crucible and within half an inch of it „ thus preventing the contact of the 
fuel with ils tup. Care will be requisite that lhe expansion of the rod 
and vessel, as the heat rises, should not cause the latter to press upon the 
crucible. A great depth of fuel is* on these occasions to be preserved 
in the furnace round the shelter, to compensate as much as possible for 
its effect in diminishing the temperature; and this* with a. little more 
than common application of the bellows* is always sufficient fur the 
purpose. In this way many crucibles and their contents have been 
saved* which* from the average of experiments without the shelter, there 
is reason to believe would have been lost. 


u In making alloys?* the metals arc to be well agitated together ; for 
os some cases, even when apparentl) 11 miscible and well mixed* there is, 
as Mr* Hatchett and others have shewn* a remarkable tendency to 
separation.* In the preparation of alloys, and the fusion of some 
metals* it is advantageous to cover the surface of the metal with pieces 
of charcoal* to prevent oxidation. In these eases a loose cover should 
be put on after the charcoal, to hi Eider the access of air* and prevent 
combustions as much as possible, 1 * 

* PhiL Tranw. a ISUS. 
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Nothin}' could be more convincing und impressive than the 
minute description of procedure and precautions given in every 
paragraph of this extract—and the same may be said of the whole 
treatise from which it is taken. One stands in awe and admiration 
of Faraday’s powers. He was a master indeed and one feels a 
sense of great humility in studying his writings, coupled, however, 
with the certainty that he would desire no such feelings in his 
readers, for his obvious intent was to help and smooth the path for 
others, not make any display of superior wisdom or ability. 

From Faraday’s own description of the manner in which his 
crucibles were entirely eml>cdded in coke in his “ blast furnace," 
it is easy to understand why he allowed, or aL any rate in most 
eases, his alloys to cool In the crucible. The difficulty was to pre¬ 
vent the crucible from collapsing during the operation of melting, 
and it would certainly have been most difficult to remove the 
surrounding coke and lift out the crucible with its molten charge. 
The lirst forms of his specimens would therefore be (a) inguts or 
" buttons ” of metal, these being subsequently forged into the 
form which the author ventures to call (6) blooms, (c) billets, 
{d) finished bars, as shown in Plates XXIX. and XXX. This 
is not an unimportant point, because it allows that Faraday, 
in his usual orderly fashion, rightly proceeded by the stages 
mentioned, 

Ma tkhiai-s Used by* Fahadav 

From what has been already said it will lie understood that 
pradically all Faraday's alloys were produced in the crucible ami 
could be well termed crucible cast steel- They were melted in the 
small “ blast furnace, 11 at the Royal Institution, which might he 
considered similar to the Sheffield crucible or i>ut melting furnaces. 

As to the basis of the material he used and to which he added the 
desired special elements, the ordinary Sheffield practice still in use, 
though on a smaller scale than formerly, is to melt crucible cast steel 
from Swedish or other bar iron of high purity which has been 
previously cemented. Such material is known as : 
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1 ti certain cases, but these are comparatively few, the pure bar 
iron not cemented is also used for melting and. the desired percentage 
of carbon olitahiLil by adding charcoal or carbonised pig iron of 
pure character. Such materials arc melted in the crucible, then 
poured into sfn&H ingots to o or 6 inches square, or even larger. 
The author lias seen ingots weighing no less than GO tons each for 
gun tube purposes, being poured from crucible cast steel. 

The metals and non-metallic substances which Farad ay 
stated he employed when making his steel and alloys are 
twenty in number. Arranged alphabetically in groups they' arc 
as follows :■ — 

Metallic Element*: Thirteen in number, seven being noble 
metals : 

1, Chromium. 

2. Copper* 

3* Gold. 

4, Iridium, 

5. Iron, 

tS. Nickel, 

7. Osmium. 

.Van -Mrtalii*' Elements; Three in number : 

14. Carbon. IG. Sulphur. 

15. Silicon, 

Other Ferrous Substances : Four in number : 

17. Wootz or Indian steel. 

18. Carburet of iron. 

in. Aluminc alloy, so termed by Faraday in 1820, in imitation 
of wootz, also described ns damascene steel* (Davy 
spoke of the added element as Aluminum:.) 

20. Meteoric irou. 

Tabulation of the Above, 

(a) Metallic elements , 13 (a) Noble metals . . 7 

(5) Non-metal lie elements . 3 ((*} Ordinary metals * G 

(e) Other* « * „ 4 {e) Ncn-metallic elements 3 

(d) Other 4 


S. Palladium* 
fb Platinum, 

10. Rhodium. 

11. Silver, 

12. Tin. 

13. Titanium. 


20 


20 


PLATE XXVII 
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±frkt-i9Ut-.SH nil- -mi Sixtkh* KnuitNi^ r^ii'i.uvni nv Panaday in making m* ■' Stf.vt ami Ai.ui-ys, 
'JliK rjshlliil Vi\v* kindly jnvpuiifeii fi»r Ihi* uurbnr by \lr-ssi>. Jolmmm \lnl tin'> A f *h Llil. 
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During the Faraday Centenary Celebrations, through the aid of 
Messrs. Johnson, Matthey & Co.* the author was able to exhibit at 
the Royal Albert llall in mu interesting showcase alongside the 
original Faraday steels arranged by bins, specimens of each of the 
sixteen dements employed by Faraday in making bis many and 
varied “ Steel and Alloys. 1 ' * Plate XXVII. represent * in the show¬ 
case these specimens including the precious ur noble metals* kindly 
lent to the author by Messrs. Johnson* Matthey & Co, # for this 
historic exhibit. 

Of the alloy additions previously mentioned the following have 
been actually determined by the author to bo present in the various 
specimens of Faraday's steels examined by him: Carbon + chromium, 
nickel, copper, gold, iron, platinum, rhodium, palladium, silicon, 
silver and sulphur. The elements iridium, osmium, titanium 
and tin, although stater! to have been used, were not found in any 
of the specimens examined, but these only represented a small 
portion of the total number of ordinary steels, alloy steels and 
other ferrous substances prepared by Faraday* The clement 
palladium was found to be present in u considerable percentage 
(22 t 70 per cent.) in one of the Science Museum specimens, full par- 
titulars of which are given in Table XVI 1L 

Although several specimens of Faraday's 11 steel and alloys " 
contain a very low percentage of carbon* one containing only 
0 07 per cent. (Specimen No. El/IXi, Table V.) — a marvellous 
production for that early date;—it will be seen from the analytical 
data presented in Tables V. and VII., and fully discussed in 
Chapter VII. that most of the specimens contain from GHS to 1*5 per 
cent- carbon* The difficulty of obtaining low carbon steel at that 
time must be borne in mind when considering Faraday's work. 

Absence of Manganese 

While on the subject of the metals used by Faraday in the 
preparation of his sleds and alloys, special reference must be made 
to the fact that he never even mentioned manganese in his papers 
dealing with these researches. In the various analyses made by 
the author, the minimum amount of manganese found in Faraday's 
specimens was 0 04 per cent, and the maximum 0-07 per cent. In 
other words* the steels examined showed little more than a trace 
of this element and in no case is there evidence that it had been 
added* 

Tli is omission is rather remarkable because Davy bad experl- 

* The phonic’a] constants of (lit ck-rneula Employed by Farudiiy urr given in 
Table XXVI], in Appeudk II. Tlic author believes his rcarJer? will And tlris of 
considerable service. The melting point b uIE based on the talest detetuimaiipnA. 
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mended with the metis I Siangan esc, or manganesum,* as [te called 

and Faraday was well aware of its existence, for he read a paper 
Oft the 44 Separation of Manganese from Iron " before the Royal 
Institution in 1810. Also, the material termed spiegeleisen, or 
specular east iron, a combination of manganese and high carbon, 
was well known, in fact it had probably been made in the Middle 
Ages* for there :ire mines in existence which have been worked 
for centuries past for the spathic ores from which spicgcl is 
prepared. 

Although the importance of manganese hi relation to the produc¬ 
tion of industrial steels was entirely unknown in Faraday’s time, 
and it apparently did not occur to him to investigate the effect of 
alloying this element with steel, nevertheless he had paid some 
attention m his chemical laboratory' to the converse problem of 
separating it from iron. 

It appear^ that Josiah Marshall llcatli, who was much interested 
in steel, brought back wootz ore from India in 1 $26, that is* about 
two years after Faraday S s Last recorded experiments on steel alloys. 
It was not, however, until some years laLer that he brought out his 
invention regarding manganese additions, although Reynolds in 
1700 patented the use of manganese oxide For steel manufacture. 
Heath was probably the first to discover and show the importance 
of the use nf manganese as applied to ferrous metallurgy, nnd until 
then* strange as it may appear to us to-day t manganese had not 
been used in stcelmaklng. Neither crucible east steel nor puddled 
steel required its use, but the art of steel manufacture was revolu¬ 
tionised when the influence of this remarkable metal manganese 
was discovered, that is its wonderful power of deoxidising or com¬ 
bining with oxygen and passing away in a lluid slag, also its 
influence as an alloying element on the working properties of steel 
at a red heat and higher temperatures even when present in small 
quantities. Silicon and aluminium remove oxygen more easily 
than manganese, but they do not pass away readily in the slags 
produced or when alloyed in small proportions do not appear to 
have a similar arid beneficial effect on the working properties of 
the steel at a red heat or a higher temperature. 

Without the use nf manganese it would tint he possible to manu¬ 
facture the mild (0 10 to 0-25 per cent. C,) nr medium (0-80 to 

* Davy applied tlic irrm m td Ihc uxkk\ that in, to msnganestllii united 

lo QxvjjcEk M Hr refers to L " two didinitr tvnibmtuKs of munpnmun and oxygen* 
Otx dark olivc + unc bn)HM Muck, 11 and. a.H, regard ■ ' J na^uEj^lllli u tiAchl lie- 
say* it rias lim ^rprciraJ LEi purt farm by Kam and Cuhll IxlWHn 1770 nnd 1775, 
Oust it is very brink LiFid of hafiJlwssr ncarlv that iron, tha t its *p. gr. ia ^S^O , 
nEktl tbt it mpirrt a biglirr of heat than iron for iU fusion. 
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0 60 per cent, C.) steel of to-day, now used in such immense 
quantities. Of tire 1 in million tons of steel made during the year 
19:29, representing Lhe world's present peak of output, by far the 
greater portion, probably nearly the whole of this, required the use 
of manganese, chiefly in the form of ferro-mangancse. Considerable 
quantities of manganese are used in the production of the special 
alloy steel known as manganese steel, discovered and invented by 
the author* but the tonnage is, of course, comparatively small. 
This steel was fully described in his original papier on 11 Manganese 
Steel ” to the Institution of Civil Engineers in 1888. The author 
has also more recently given a full account of the history of and the 
part piaved by manganese in its general applications to steel in his 
paper presented to Lhe Iron and Steel Institute in 1027, entitled 
s * The Metal Manganese and its Properties : also Ores and the 
Production of Ferro■Manganese and its History**’ Even with all 
our modern resources, no satisfactory substitute lias been found 
to take the place of manganese in the production of steel of ordinary 
qualities* This fact was of serious importance to Germany during 
the Great War* when that country w as cut off from normal supplies 
of manganese and various substitutes 11 were tried without 
success. We were amply supplied with manganese ores and then 
w as no shortage, moreover we were able to assist our Allies* It is 
a striking fact that the U-S.A., notwithstanding its wonderful 
mineral wealth has so far not found suitable or rich manganese ore 
in sufficient quantities, and this applies to Great Britain, though 
fortunately manganese supplies in large quantities are available in 
India, South Africa and elsewhere in the British Empire, 

The author has dealt with this matter at some length because 
it is important to recognise that Faraday's alloys of steel and iron 
were of such different character from those of to-day, partly 
because of the absence of the metal manganese. Consequently 
he was driven to produce high-carbon steels of the type of those 
produced in the crucible, and known in those days as Huntsman's 
crucible cast steel. 


Fa it ad ays Own Account of Alloys of Steel 

The lirst paper by Stodart and Faraday, was presented to the 
Royal institution (published in the Quarterly Journal of Science r 
ix., 819, date 1820), and was entitled lt Experiments on the Alloys 
of Steel, made with a View to Its Improvement." T This title 
alone is sufficient justification for all the work winch the research 
called for and involved, moreover it is in accordance with Faraday^s 
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customary (mbit of undertaking investigatiuns on the broadest 
possible basis. It was owing to this attitude of mind, no less 
than liis close observation and accumte reasoning, that he was 
able to make so many important discoveries. Knowing how 
uncommercial was Faraday's outlook on life, we cannot doubt 
that he regarded his steel researches primarily from the standpoint 
of pure research ; in other words, lie would seek for and welcome 
every scrap of fresh knowledge, w hether or not it had any obvious 
“practical” importance. At the same time, from his association 
with Stodart in this work* he would learn of certain improvements 
desirable in steel from the standpoint of the maker of surgical and 
other hist rumen Is, which improvements might fitly be made the 
practical object of the research* 

Fortunately for us who have examined the specimens which lie 
left behind him, Faraday * gave a clear statement of the particular 
directions in which it was hoped to improve steel by alloying* The 
opening words of the paper are :— 

“ In proposing a series of experiments on the alloys of iron and 
sled with various other metals* the- object in view wus twofold : first, 
to ascertain whether any alloy could be artificially formed better, for 
the purpose of making cult ing instnuncrita, than steel in its purest 
state; and second* whether any such alloys would, under similar 
eireumvtancf s prove less susceptible of oxidation. New metallic 
combinations for reflecting mirrors were also a collateral object of 
research." 

In other words, improved cutting steels and rust-resisting steels 
were the primary object, and it was hoped also to find a good 
material for mirrors. Frima facie evidence of a certain measure of 
success in both directions is to be found m the feet that in later 
years Faraday occasionally presented to friends 14 razors made of 
his own special steel 11 —he would nut have dime this unless they 
had been reasonably satisfactory. The author's tests on two of 
Faraday"s razors and on others of that period are described on 
p. 237. Again* a number of Faraday's specimens in the box 
stored fit the Royal Institution, notably specimen No. 39 B/DIS It, 
Table V., wore found to be brightly polished and quite free from 
any trace of rust after more than a hundred years, but it must l>e 
remembered that these specimens had not been submitted to 
severe tests such as outside exposure to the weather. Such steels, 

* It would l>fi imitv tiff unite he nr to bay Statin Ft ami Faraday/* thv. papei 
append?^ under the joint muncs, but there nm hfl liu rwnomdA* doubt that, whatever 
—htaneff Slfldurt may Iiavc rtvun Pnradny m the matter of practical itdviee* the 
paper 1* entirely in Faraday's words. In all probability (he observation* and 
dedtivtkufifi are equally hi* 
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however, obviously offered some possibilities as mirrors in the days 
before silvered glass mirrors of modern type* 

The special attention paid to the investigation of alloys of 
steel with Lhe metals rhodium, palladium* osmium, iridium and 
platinum, all in the eighth group of the periodic classification of 
elements, was certainly on a definite scientific plan, though, of 
course, the precise form of that classification was not discovered 
until many years later by Mentlel^cf and others* 

It is unnecessary here to reproduce the full text of Stodart and 
Faraday’s papers, but a useful purpose will be served by giving a 
brief abstract of them. From this will be seen the remarkable 
grasp Faraday had of his subject and the extremely able manner in 
which he dealt with it, hearing iu mind the conditions of av ailable 
knowledge and facilities under which he worked. From this point 
of view* and in relation to the specimens which have survived to 
the present day, the following points from the find (1820) paper are 
specially interesting 

The subject (alloys of steel) was new and opened into a large and 
interesting Odd. Almost an infinity of different metafile combinations 
may be made according to the nature and relative proportions of the 
met ids capable of being alloyed* 

From bis analysis of wnotx or Indian steel,* Faraday concluded that 
the excellent qualities of this material, and its property of showing a 
damascened surface: when etched with acid, were due probably to the 
combination of steel wilh tlie metals of the earths alumina (alumina) 
and silex (silica). By making an alloy rich in alumina and using smalt 
proportions of this with "good sled/* Faraday made a specimen which 
had “all the appreciable eimruelcrsof the best Bombay wootz.^ From 
the tact that wootz always gave a damasked surface, although repeatedly 
fused and forged, he concluded tiint this property was due to crystal¬ 
lisation and not to melt' mechanical mixture of two substances acted 
on unequally by acid. 

From, experiments made with alloys of iron (horseshoe nails) with 
3 per cent and 10 per cent of nickel* in imitation of various specimens of 
meteoric iron, Faraday concludes that “nickel, when combined with 
iron, lias some effect in preventing oxidation, though certainly riot to 
the extent that has at times been attributed to it. It is a curious fact 
that the same quantity uf nickel alloyed with steel* instead of preventing 
it rusting* appeared to accelerate it very rapidly/' 

Platinum and rhodium alloyed with iron did not appear to possess 
any very interesting properties, and 41 the alloys of other me tab 
with iron, »s far as our experience govs, do not promise much 
usefulness.’ 1 

The results are very different when steel is used f ; 11 it is only, 

* See p. su 

f III, Olher Trnrds, Fu radii y noted tlw very important influence of caftnuO ill idloy 
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however, of a few of Its tom pounds that we are prepared to give any 
account. Together with some others of the metals, the following have 
been alloyed with both English and Indian steel, and in various propor¬ 
tions : platinum, rhodium, gold, silver, nickel, copper and tin. 

41 All the above-named metals appear to have an affinity for steel 
sufficiently strong to make them combine : alloys of platinum, rhodium* 
gold and "nickel may be obtained when the heat is sufficiently high* 
This is &o remarkable with platinum that it will fuse when in contact 
with steel* at a heat at which the steel itself is not affected_” 

The results of the experiments with various alloys are then given 
in the Royal Institution paper in great detail, both positive and 
negative, successful and unsuccessful results being recorded. All 
the experiments covered by the Royal Institution (1820) paper 
were confined to small quantities of the metals, seldom exceeding 
i>CK)0 grains in weight and* while admitting “that the operations 
of the laboratory are not always successful when practised on a 
large scale," Faraday says “ there does not, however, appear to be 
any good reason why equal success may not attend the working on 
larger masses of the metals, provided the same diligence and means 
are employed." 

Further results are recorded in the later mid even fuller paper 
presented by Stodart and Faraday to the Royal Society on March 
21 st, 1822.* In this paper, the authors acknowledge their indebted¬ 
ness to I>r T Wollaston, who assisted them in every stage of their 
progress and 41 furnished all the scarce and valuable metals . - . 
with a liberality" which enabled us to transfer our operations from 
the laboratory of the chemist to the funmec of the maker of east 
steel/* 

Accordingly, experiments proceeded on a much larger scale at 
Sheffield, and no doubt the ingots there produced were the first to 
be used for the commercial production of alloy steel articles. No 
evidence can be discovered as to the quantity of such articles pro¬ 
duced or the period for w hich their manufacture w as continued, but 
from the letters reproduced on p. 103 there can, be no doubt that 
Ffimday T s alloy of steel with silver was used to some extent and for 
pome time by Green, Pickslay & Co* in the manufacture of cutlery, 
stove fronts and fenders ; a certain number of razors were made, 
probably of rhodium steel. These articles, for reasons which it is 
easy to appreciate, did not find any extensive or continued sale; 
nevertheless, they were the first commercial products deliberate}if 
made from alloys of steely and, in this sense, they represented the 
commencement of the age of alloy and special steels, 

* PkiL Tmm *, 1S22, p. 233 ; also PkO» Mag*, VtdL LX n p. 3fl3. 
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The Royal Society paper (W22) by Stodnrt and Faraday is 
mainly concerned with particulars of the large-scale experiments 
and with the corrosion-resisting properties of various alloys, but it 
opens with a significant passage which runs as follows :— 

l *Thc alloys of sted made on a small scale in the laboratory nf the 
Royal Institution proving to be grxKl* and the experiments having 
excited a very considerable degree of interest both at home and abroad, 
gave encouragement to attempt the work on a more extended scale; 
and we have now the pleasure of stating that alloys similar to those made 
in the Royal Institution have been made for the purpose of manu¬ 
facture j and that they prove to be* in point of excellence. in every 
respect equal if not superior to the smaller productions of the laboratory. 
Previous* however, to extending the work, the former experiments were 
carefully repeat^, and to the results were added some new cotubina- 
tions h nann ly, steel with palladium, steel with iridium and osmium, and 
latterly* steel with chromium. In this last series of experiments we 
were particularly fortunate, having by practice acquired considerable 
address in the management of the furnaces, and succeeded in procuring 
the best fuel for the purpose/' 

The authors go on to say (anti this statement, be it remembered, 
is in the light of a further two years of strenuous research* from 
18U0 to 18*22) that the metals that form the most valuable alloys 
with steel are silver, platinum* rhodium* iridium and osmium* ami 
palladium. All of these have now been made in the large way, 
except indeed the last-named* Palladium has, for very obvious 
reasons, been used hut sparingly/ 1 

The work at Sheffield was done under Faraday’s instructions, 
but not under hl$ personal supervision* Concerning this, the 
Royal Society paper says : — 

11 Li making the alloys on a large scale, we were under the necessity 
of removing our operations from London to a steel furnace at Sheffield j 
and being prevented by other avocations from giving persona! attend¬ 
ance, the superintendence of the work was consequently entrusted to an 
intelligent and confidential agent. To him the steel, together with the 
alloytug metals in the exact proportion, and in the most favourable 
state for the purpose, was forwarded, w r Uh instructions to see the whole 
of the metals, and nothing else* peeked into the crucible and placed in 
the furnace* to attend to it while there, and to suffer it to remain for 
same considerable time in a state of thin fusion, previous to its being 
poured out into the mould* The cast ingot was next, under the same 
supermtendciiec, taken to the tilting mill, where it was forged into bars 
of a convenient size, at n temperature not higher than just to render 
the metal sufficiently malleable under the tilt hammer. When relumed 
to us* it was subjected to examination both mechanical and chemical* 
its well as compared with the similar products of the laboratory. From 
the external appearance* as well as from the texture of the part when 
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broken bv the blow of the li&nirner. we were able to form s tolerably 
correct judgment as to its general merits i the Imrdness, toughness, and 
other properties were further proved by severe trials after being 
fashioned into some instrument or tool, and property hardened and 
tempered.” 

It was probably here, in fashioning the steels into some instru¬ 
ment or tool and properly hardening and tempering it, that 
Studart was able to give Faraday most assistance, either personally 
or by placing the work in the hands of practical smiths and 

f The difficulties of Faraday's position are revealed by the last- 
quoted paragraph above. The large-scale work was necessarily 
done Tinder the supervision of an agent, who, however conscientious 
and able he might be. could only obey instructions, Faraday 
himself could make no fresh discoveries and observations while 
the work of melting, pouring and forging was being done more 
than 150 miles away. Also, when he received his larger specimens 
he had no adequate means of testing or farther working them, lie 
could only form " a tolerably correct judgment as to its general 
merits TT and pass the material on to he made into instruments or 
tools, which were then subjected to " severe tests." Again and 
again, as one reads his papers, one is amazed to fiml how near he 
came to sumc of the major discoveries m the field of alloy steels, 
and one marvels anew at the keenness of his perception in such 
matters as corrosion tests, the influence of heat treatment, and so 
on If only Farad a v had had some of the advantages of a modern 
testing laboratory, or if only the true significance of bis work on 
steel had been realised by others at that time, how different ought 
have been the history of special steels ! 

Summary of Faraday's Results of 1820 akd 1822 

For our present purpose it will be convenient to abstract and 
collate information from both of Stodart and Faraday’s papers 
(of 1820 and 1822) under the headings of the various elements 
alloyed with steel. Taking each of the elements nickel, silver, 
platinum, rhodium, iridium and osmium, palladium, titanium, 
chromium, and certain other metals in turn, the following interest- 
iag particulars arc obtained :— 

Nickel —An alloy made from 10 of nickel with 80 of steel bad a 
damask and was therefore unfit for mirrors; it was also much more 
subject to rusting than an alloy uf nickel and iron. 

Siktr.— After discovering that the proportion 1 to 160 i steel 

resulted in buttons that were “ uniformly steel and sdver in fibres, the 
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silver being like wise given out in globules during solidifying/ 3 Kamtky 
found that fibres could still be distinguished in specimens nmde from 
1 part sliver Id 2G0 t 5I0U and even 400 partis stceL When the proportion 
of silver was red need, however, to 1 of silver with 500 of steel and 
properly fused, 11 u very perfect button was obtained; no silver 
appeared on its surface; when forged and dissected by an acid, no 
fibres were seen, although examined hy a high magnifying power.* 
The specimen forged remarkably well, although very hard ; it had in 
every respect the most favouruble appearance* By a delicate test 
every part of the bar gave silver, Tms alloy k decidedly superior to 
the very best steel, and this excellence is unquestionably owing to 
rombmatioii with a minute portion of silver. It Itas been repeatedly 
made and always with equal success. Various cutting tools have been 
made from it of the best quality. This iiUuy is perhaps only inferior 
to that of steel with rhodium, and it may be procured at a small 
expense ; the value of silver, where the proportion is so sin nil, is not 
worth naming ; it will probably be applied to many important purposes 
in the arts/ 1 

14 From the facility of obtaining sliver, sp says Faraday, “ it is p mb able 
that its nfiyy with steel is the most valuable of those: we have made* To 
enumerate its applications would be to name almost every edge-tool. 
It is also probable that it will prove valuable for making dies fc especially 
when combined with the best Indian steel/ 1 

Trials “ in the targe way” at Sheffield with n mixture containing 1 of 
silver to 500 of steel rsultd in an alloy which ** had the most fa vourable 
appearance both as to surface and fracture ; it was harder than the 
best east steel, or even than the Indian wootz, with no disposition 
whatever to crack, either under the hammer, or in hardening. Some 
articles for various uses, have been made from this alloy; they prove 
to be of a very superior quality - its application will probably be 
extended not only to the manufacture of cutlery, but also to various 
descriptions of tools ; the trilling addition of price cannot operate 
against its very general introduction. The silver ahoy may be advan¬ 
tageously used for almost every purpose for which gr*d steel is required/ 1 

Platinutn *—Thanks to the generosity of Dr. Wollaston, FaraiLay was 
nhh- to indulge in mixtures containing as much as 90- of platinum to 20 
of steel. Perfect alloys were obtabled in every proportion tried over a 
wide range, and the following couebksions are recorded : From l to 8 per 
cent, of platinum improves steel fur edge instruments ; probably about 
To per cent* of platinum forms the best possible alloy of these metals* 
Equal parts by weight form a beautiful alloy which takes a fine polish 
and does not tarnish ; the colour is the finest imaginable for a mirror j 

1 H will be noliectl that Fora Jay iuidtd to ills other distinrtli^ by pnir iUirgr 
irn etemnitny fotftu of tk miiioscopic uumiaalian of Uw MnifUirr of si«L No 
doul'd it was the nuicmseutiit lUtfltw niuins ihtd k i3rRSt%atc<t, but hi this, as in 
SO many other directions, he worked an a line of iBWrtffltEil Which wcit fnUdrwid 
with fur-reorbing afflH^enees hy frttvr weaken. Flute XXV HE. shows the micro* 
scope UL'tuiilly uirrd by Factulay. El now henrs the ilm nptktli " Was Michael Faraday*! 
uboul 1B20-0T . Givfil to Juu iat^i F. Barnard llh u rcinein branuc Mur- l&"9r’ T The 
author is inlebted to Mr. A. Evelyn Hanuinl fur jNrrruis-iion tu pbotogmrh thin 
inarming instrument and rcpraliii?ir the il Lustration in this brnok. Tin* nutne of 
the maker, fingraved so litc tripod of thr mkrowope, Li fc “ VYiLlhitn Cary, London/' 
ThL* firm wo* welj known in FvwJay*i time mil did rtcdteiiE work. 
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90 of platinum with of steel uhu gives a perfect alloy with no dis¬ 
position to tarnish; 10 of plat inum to SO of steel forms an excellent 
alloy, hut one which is quite unfit for mirrors owing to a fine damask. 
This alloy, however. 14 after laying many months had not a spot of rust 
on its surface/' 

“ From I to K0 percent, of platinum was perfectly combined with 
steel, in buttons of front 5tJO to grains/ 1 

Equal Heights of steel and platinum gave a button the highly crystal- 
lint surface of which rendered it unfi t for a mirror. 

Large-scale tests of steel with 1 per cent, of platinum led to the 
production of bars IL remarkable for smoothness of surface and beauty 
of fracture/' Though the alloy was not so hard as the 0 r 2 per cent, 
silver steel* M it had considerably more tougbm-ss ; tills property will 
render it valuable for every purpose where tenacity, as well as hardness* 
is required ; neither will the expense of platinum exclude it from a 
pretty gtrural application in the arts ; its excellence will much more 
than repay extra cost/ 5 

Rhodium. —In the paper by Stodart and Faraday to the Royal 
Institution (18-20) it is stated that the alloys of steel with rhodium 
arc likely to prove highly valuable. TIk- scarcity of that metal must, 
however, operate against its introduction to any great extent/* By 
the generosity of Dr. Wollaston, liberal supplies of rhodium were 
provided for the laboratory experiments and subsequently fur the 
manufacture of rhodium steel“ in the large way.” 

The proportions id rhodium med in the first scries of Investigations 
{1820 pi l| sc-r> were from t to 2 per cent., and the valuable properties of 
the rhodium alloys were found to be ** hardness h with sufficient tenacity 
to prevent cracking either in forging or in hardening, Tliis supe rior 
hardness is so remarkable, that in tempering a few cutting articles 
made From the alloy, they required to he heated full fK) deg, F* higher 
Rian the best wootz, wootz itself requiring to be heated full 40 deg. 
above tdie best English east steel. Themiometrica] degrees arc named, 
that being the only accurate method of tempering steel/ 1 

In the second £1822) paper it is stated that rhodium combines with 
si cel in every proportion and that from I to 50 per cent* of rhodium bad 
been used successfully. Equal parts by weight of steel and rhodium 
gave a button which polished to “a surface of the most exquisite 
beauty: the colour of tins specimen b the finest imaginable for a 
metallic mirror, nor does it tarnish by long exposure to the atmosphere : 
the sp« gr% of this compound is 9-76*” 

The alloys of steel with rhodium ** are perhaps the most valuable of 
all; but these, however desirable, eon never, owing to the scarcity of 
the metal, be brought into very general use.” 

Iridium and Osmium, — These metals are mentioned only in the second 
(Royal Society, 1K22) paper by Stodart and Faraday and always 
together. From the wording of repeated references to them (and 
Faraday was meticulously careful in his writings) it appears that only 
ternary alloys of steel, iridium and osmium were investigated- The 
compound is said to be 14 of great value but , . - the scarcity and 
difficulty of procuring the metals will operate against its very general 
introduction/ 5 
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It is certain that Faraday was deliberately investigating a ternary 
compound and realised its significance, for the following words occur in 
the Royal Society [IM2) paper; "In the account now Riven of the 
different alio vs, only one triple cum pound is noticed* namely r steel t 
iridium and osmiums but this part of the subject certainly merits 
further investigation, offering a wide and interesting field of research. 
Some attempts to form other wnibuiationj of this description proved 
but wc were prevented, at the time, h)' various other 
avocations* from bestowing on lb cm that attention and labour they 
seemed so well to deserv e. It is our intention to continue these experb 
incuts at every opportunity; but they are laborious, and require much 
time and patience. 1 

Ftilladiuw. —-This metal was used but sparingly by Faraday owing 
to it* scarcity and eo*t T but 4 lb. of sted was alloyed with 3 per cent* of 
palladium in n single melt and 41 the eompEiimd is truly valuable more 
' di v for making instruments that requrn- perfect smoothness of 



Titanium*— Faraday made valiant attempts to alloy steel with 
titanium, but in Ibis he was completely unsuccessful owing to the 
imperfections of his cmdblcs, which prevented him from attaining a 
temperature sufficiently high to reduce the oxide of titanium to the 
metallic slate* After the utmost endeavour, the steel proved to 
contain no titanium. 

Chromium*— Bcrthier, who first made the alloy of steel and 
chromium,* speaks very favourably of it* Stodurl and Faraday made 
only two experiments. From 1600 gnu ns of si cel fused witli 10 of 
pure chrome it button wits obtained which u proved good and forged 
well s although hard, It show ed no disposition to crock/ On increasing 
the proportion of chromium, by using 48 groins of pure chrome to IP) 
of steel, a considerably harder button wo* obtained ; this, too, was as 
malleable us pure iron* Both of these alloys showed beautiful damask*, 
butof the value of the chrome alloy for edge-tools we are not prepared 
to speak, not having made trial of its cutting powers." 

From the circumstance* of the case it would appear that Faraday’s 
investigatkn» of chromium steel were uncompleted when his steel 
research ca were discontinued. If he had gone on he might well have 
discovered “stainless steel," for his papers show that he was quite 
prepared to try the effect of high proportions of alloying elements, he 
realised the importance of accuracy in heat treatment fis mentioned on 
page 98. He had ftko embarked on a series of comparative corrosion tests* 
and advanced various Iivpn theses concerning the mechanism nf coitus inm 

Other Metals {Copper, Tin , Gold ),—In the Royal Institution paper 
(1820) it is staled that A+ sted with 2 per cent, ol copper forms an alloy £ 
sted also alloys with fin ; of the value of these we have doubts/' 
Further trial* were made to discover whether these and certain other 
combinations were nt all likely to be interesting and usduh but no 
particular success appears to have been achieved and it is definitely 
stated in the Royal Society (lb22) paper Hint “ alloys uf sted with gold. 
Hn , copper and chromium wc have not attempted in the large way." 
Trials were iiiadi 1 in the laboratory with steel and gold In various 
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proportions, but it was found that though 14 gold forms n good alloy with 
steel - - - il certainly does not. promise to he of the same value ah thr 
alleys of silver, platinum mid rhodium 11 \ and neither tin nor topper 
appeared at all to improve steel. 

TIie- more one reads the papers by Stodart and Faraday, the 
more one is impressed by t he extent of the researches in question* 
and the more one feels that in a suitable environment Faraday might 
easily have discovered some of the steel alloys now used so extern 
lively. The lack of suitable ferro-alloys, to which further reference 
h made later, was a great handicap, for without them FaradEiy 
had no convenient way of making a full range of alloys of gradually 
varying compositions- There was, as he rightly said* 41 an infinity 
of different metallic combinations to be made/ 5 and it was impossible 
for one rnan to try them all* specially in the course of only a few 
years* work and with the limited facilities then available. 

The ease of manganese steel is a striking example of the impossi¬ 
bility of achieving success except by the laborious process id try ing 
every politic alloy. As the proportion of manganese in steel is 
increased above 2 or 3 per cent, the steel becomes increasingly 
brittle, until, with 4 to 51 per vent, of manganese, il can be powdered 
under the hammer. It might be argued that the higher the 
manganese, the worse should be the steel, but such assumption 
is entirely wrong, for, with more than 7 per cent, of manganese 
present, a new set of physical properties appears. Strength and 
ductility return* mid with from 11 to 14 per cent, of manganese 
there is obtained that remarkable alloy, the Hadfield manganese 
steel, which when water quenched combines toughness and 
strength to such an extraordinary degree and becomes more 
resistant to deformation and wear the more severe the usage to 
which it is subjected. 

Notwithstanding all our progress and the many investigators 
who have worked on the problems of alloy steels during the past 
fifty years, there is still *m * L infinity of different metallic combina¬ 
tions awaiting investigation, It may v r ell be found later that 
we of this generation have missed discoveries of the utmost import¬ 
ance by sheer chance, but the iiietuLlurgists of the future will 
surely not say that we failed in our researches on the alloys of 
steel. Still less ought we to accuse Faraday of failure Ijecause, 
working alone in n field which now cm ploys hundreds of investiga¬ 
tors, and armed with a mere fraction of the knowledge and 
resources we now enjoy, he did not produce any alloy which found 
enduring commercial application at that time. He did far more 
than that—he indicated to the world the whole field of alloy steel. 
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rind he is entitled to the greatest possible credit as the j.ipecimor o( 
our present era of special steels. 

Specific Gravities of F a rad ay’s Alloys 

At the end of Stodort imd Faraday's Royal Institution (1820) 
paper there is given the list of specific gravities of alloys reproduced 
in Table I. This is specially interesting in itself and it gains farther 
importance from the fact that it proves that Faraday actually 
made alloys containing high percentages of platinum. Abo, from 
the reasonably dose agreement between the calculated ami observed 
specific gravities of these materials it is dear that approximately 
the claimed proportion of platinum was actually present in the 
alloys. The later specimens found at the Science Museum and 
examined by the author confirm this to a considerable extent* 


Taju*e I. 

iSprcijfic Gramtkx of Alloy# f tic. (Stodart and Faraday, 1820) 


Iron, unhammqrcd - - . 

Wootz, imh ammered (Bombay) 

Wootz* tilted (Bombay) * 

Wootz* in cake (Bengal) . 

Wootz, fused and hammered (Bengal) 

Meteoric iron t hammered 
Iron* and 3 per cent, nickel 
Iron, and 10 per cent, nickel 
Steel, uud 10 per cent, platinum (minor) 

Steel, and 10 per cent- nickel (mirror) 

Steel* and 1 per cent, gold, hammered 
Steel* and 2 per cent, silver* hammered 
Steel* and To per ceiiL platinum* hammered 
Steel, and 1-5 per cent, rhodium* hammered 
Steel, and 3 per cent* nickel* hammered 
Platinum 50, and steel 50* unhammered * , 

Platinum 30 and steel 20* unhammered t * 

Platinum* hammered and rolled 
The value* giv.m in tliis TaLT ahouldl be companKi With ilu4a ctetefmuwd by tk 

UUlliUJ, lLH given un p. 1*17. 



7 S47 

„ 

7065 

* 

7-07U7 

* 

7*730 

* 

7-787 

* 

7-S8J5 

* 

7 804 

* 

7-849 

* 

8-100 

, 

7-084 

-*■ 

7*870 

* 

7-808 

* 

7-732 

* 

7-795 

. 

7-750 


9-802 

„ 

15-880 


21-2.50 


It will be seen from the excerpts on the preceding pages that 
Faraday claimed to have produced steel and alloys which took a 
very high polish, withstood atmospheric corrosion, and carried 
better cutting edges than ordinary carbon sted. None of these 
claims can be substantiated to any pronounced degree by the 

* The cvkidatnl mean specific gravity of Ulki alley assuming flic 

Bp-eilu- gravity <if platinum ana Meci as «p nosed m tin* table, 
t The cuJcuhiU'd mean speciiic gravity of this aUoy la 10 -ff76C, 



THE BIllTH OF ALLOY STEELS 


l k 2'2 

author's tests on the Royal Institution specimens of Faraday's 
steels* particulars of which are given on p. 189, but certain of the 
Science Museum specimens pusses distinct claims to non-eorrodi- 
hBity, as shown on p. 226. In any ease there is no reason to 
doubt that Faraday’s remarks were quite correct as regards the 
specimens of which he was speaking, and as compared with the 
ordinary steels then available. 

Hot a single quant it at ire analysis is given by Faraday, fur either 
the small specimens of alloys made in London or the larger ones 
produced in Sheffield, but the matter had by no means escaped ids 
attention* as shown by the notes on p, 128. 

FakadaV& Letter to £>E la Rive 

During his Continental tour with Davy in 1814, Faraday became 
acquainted with Professor Gitspnrd de la Rive* of the University of 
Geneva. A few years later, in IS] 9* he began to correspond with 
Professor G. de la Rive on scientific matters following this later by 
a series of letters with his son* Professor Auguste de la Rive, F.R.S., 
extending over a period of thirty-eight years. 

Two of Faraday's letters to Professor G. de la Rive are of special 
interest in connection with his researches on steel. Writing on 
April 20th, 1820* Faraday expressed bis delight to the older man* 
already a famous professor, " that you had honoured me with any 
of jour thoughts, and that you would permit me to correspond 
with you by letter*” 

Proceeding, Faraday said ;— 

“ Mr Stodart and myself have lately been engaged In a series of experi¬ 
ments and trials on steel* with the hope of improving it, and I think we 
shnl] in some degree succeed* 

“ We are still very much engaged in the subject ; but if you will give 
me leave I will* when they are more complete r which I expect will he 
shortly, give you a few notes on tbem.“ 

This promise he kept to the full, for on June 2dth„ 1820, he wrote 
a long letter to Professor G* de la Rive giving what was substan¬ 
tially an abstract of the paper presented to the Royal Institution 
by Stodart and liimselL This letter was published in the Biblio- 
tiuque UnwfTsdh dcs Scknct^j also eke where, and attracted much 
attention ; portions of special interest to us run as follows i— 

Mnnufadure of Artificial IToota— 11 I must tell you the process by 
which we liavc prepared this alloy; we tried several methods* the 
following always succeeding: 

“Wc melt iron in small fragments with charcoal powder* If the 
buLtnn which is produced Is malleable it is necessary to break it and 
melt again with carbon. In this manner there is formed a enrburt? of 
iron intermediate between steel and plumbago [plombugific)* It is 
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fusible, mid when broken possesses a dark grey colour and is very 
try stallns lv It is so friable that it cm be reduced to powder in a 
mortar, 

11 We then mix this powder with pure alumina {alumim) and heal it 
strongly- A portion of the alumina Ls red need by the carbon of the 
carburc and we thus obtain a compound of iron, aluminium and carbon + 
Then we mix ten per cent of this composition with English cost steel* 
submit the whole to fusion* and thus we obtain artificial wootz/* 

Alktjx of Steel * — ** You can easily understand that during the two 
years* that we have worked upon this subject, our experiments have 
furnished us with ft large quantity of products of no use. 

4i I pass these by in silence in order to arrive at the alloys which have 
given m some quite happy residts.” 

Rhodium ana SieeL — The best alloy steel we have mode is perhaps 
that of rhodium and steel. It is Ur* Wollaston who has furnished us 
with the metal; so tluit from this there can be no doubt with regard to 
its purity or identity. One and a half per cent- of rluwliuin wxis com¬ 
bined with the steel This alloy was very malleable, harder than 
ordinary steel and made excellent instrument*. In hardening these 
instruments it was necessary to heat them to at least 70 J F+ higher titan 
necessary for the bed east sted; and this fact seems to indicate that 
the steel in question possesses greater hardness mid density. Razors 
made with this alloy cut very admirably." 

Stiver and Steel —“ After the alloy of steel with rhodium came that 
with silver which presents many peculiar circumstances." 

Faraday goes on to describe the rejection of the silver from mixtures 
of steel and silver on cooling and thru says ; We continued to diminish 
the proportion of silver as long as we could observe fc separated exist¬ 
ence ul the alloy p and when we arrived at one five-hundredth we found 
that the whole of the silver present remained in combination with the 
steel This alloy whs excellent p all the cutting instruments we made 
from it were of the b< st quality, and the metal could be worked with- 
out fissures oc curri ng and with remarkable density and malleability. 11 

Phitinum and Steel—** The alloy of steel and platinum docs not 
appear to have any advantages so far as we have observed over the 
previous steel; however* it appears that platinum added to steel in the 
proportion of I to 3 per cent, might be of some utility"; we are now 
actually occupied in following up this work. The powerful affinity wit h 
which platinum unites to metals tlw* not show any exception when we 
combine it with iron and steel; they unite in all proportions ; we have 
tried commencing with one part of platinum with 100, up lo 00 platinum 
with 20 steel. We have every hope to obtain some happy result* with 
t hese his I compounds/ 1 

Nickel and Iron or Steel . — +t We were led to try alloys of nickel and 
iroiip or steel by the popular idea that meteoric iron was not subject to 


■ l-'mm this iL wilt he srei] thuL Stodnrl anti faro day mu.il liftve OBBISBenrtd 
jM.htiit of IIhsij ptrhuirvy reaeati’ihea eft iteil Hud ulluvi at leut i& early US Jum^ 
IBIS. Et in interesting in uuL that Faraday “ k pas&ed by in alienee " the M Eftrgt 
.quantity of producti at no use.” Evidently tlrfle mmt have been dwtiuycd os no 
t nux can be found of them- In oqe way tkis ia unfortunate, as negative reaulta, 
ji pec Mill v in alloy steels, &rc often i rf r*s gtral intCHf si ti» t he ren'ord or fiueer-raes. It 
annieLime* happens that remit* ctHtfJdered to he faDtUt* ulliliifttely torn nut to be 
lanre: mjjjortiuit t hrm itumr of those which were at fiixt ramideted juevesse*. 


124 


THE BIRTIf OF ALLOY STEELS 


mil, UV have therefore made Lliese alloys of iron and nickel, by 
varying the proportion uJ f this latter metal, from tli tee up I rj ten [> r cent, 
and we have been able to ascertain that these aUuys are not as liable 
as iron to mating, when they are exposed in a ctmservntnry or in our 
laboratory. But nickel alloyed with steel was more oxidise hie than 
pure .steel; and this fact was not compensated by any other quality. 
We have therefore for the moment left this metal alone in our Experi¬ 
ments although it may be possible that we shall take it up again later 
on.” 

It will be seen that tliis letter to Professor G. de la Rive covers 
substantially the same ground as the Royal Institution paper of 

1 820, but its different wording confirms, and in some instances 
quite usefully amplifies, the information presented in the paper. 
Also, the letter adds appreciably to our realisation oi the extent 
and importance of Faraday's work, and to out conviction that 
this work represented an important advance on any tiling that had 
been dune previously. 

It was in concluding the above letter that Faraday wrote ; 
“ Pray pity us 3 that after two years" experiments we have got no 
further; but I am sure if you knew* the labour of the experiments 
you would applaud us for our perseverance at least. We are still 
encouraged to go on, and l think the experience we have gained 
will shorten our future labours." Nearly a year later* on May loth* 

1821, he wrote another letter to Professor G, de la Rive, m which he 
Said: “ Mr, Stodart and myself are continuing our experiments 
on steel* which arc very laborious." The results L«i' this further 
work appear in the second paper by Stodart and Faraday presented 
to the Royal Society in 1822. 

Faraday's Later Records 

One of the tantalising aspects of the present investigation 
of the long and arduous work which Faraday devoted to the 
subject of alloys of steel is the absence of anything in the way of 
detailed laboratory notes in his own handwriting. The papers 
presented jointly with Stodart to the Royal Institution and the 
Royal Society arc valuable in themselves, and indicative of the 
tremendous amount of labour devoted to this research, but they 
are necessarily formal records of what the authors considered facts 
sufficiently established to merit publication. As such* they repre¬ 
sent only a small fraction of Lhe whole series oi observations which 
must have been made, and they contain nothing in any way com¬ 
parable with the intimate record of procedure, failure and success 
which forms such a fascinating and valuable feature of Faraday^ 
diary in later years. That famous series of notebooks, commenced 
in 1820, supplements his later papers in the most admirable manner 
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and throws a flood of Sight on Faraday's methods and researches. 
Unfortunatdly* not a line is available in the way of laboratory 
notes concern mg the hummers ble experiments on which the papers 
of 1820 and 1822 were based. 

In fact, with the exception of the label on the box containing 
Faraday’s seventy-nine specimens, the notes reproduced below 
are the only known surviving ones on steel in Faraday’s own 
handwriting. The author has it on the authority of Mr* T. 
Martin, of the Royal Institution* for whose assistance on this point 
lie is much indebted* that the following three items regarding steel 
arc the only ones referred to in the diary between 1820 and 1882; — 


Steel .Alloys 

November 3rd, IB23 

L Platinum and steel welded. 

II. do. 

III. Twisted and forged steel to imitate Damascus* 

1Y. Pure iron fused, 

V. Iron with 3 per cent, rhodium, 

VI. Iron with 8 per cent, nickel. 

VII. Steel 50 t platinum 50. 

VIIL Steel M, platinum 80. 

IX. Steel 50, rhodium SO. 

Steel and Nickel 

February 1 0th % 1824 

505 grains of steel and Ifl grains of nickel packed in a crucible together 
for fusion—February 11th. 

Fused hut being interrupted only imperfectly ; must fuse again, 
intimately failed in furnace. 

Steel and Nickel 

June 2 nth, 1824 

Fucked up in a crucible for Mr. Christie* 

1000 (parts] steel + 00 (parts) pure nickel. 

Fusion July 1th (in) Crucible and (found) all right. 

When opened fusion good but upper surface of the bottom very 
convex and again lower surface very cavernous* 

When ait liquid, must I think have been compact hut on cooling 
perhaps gas has been evolved which has thrown it into that form, 

[t is probable that whilst Faraday devoted less of his time to Lhe 
researches on steel after the death of Stodart on September llth, 
1823, from the entries in the diary it b evident that he continued 
the work until at any rate the end of June, 1824. It b hardly 
likely that the operations noted on November 3rd, 1823* February 
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U)tU, 1SS4, and June? 28th r 1824, were the only work performed by 
Faraday On steel during this period, so that one Is led to the 
conclusion that if further laboratory notes relating to steel were 
prepared* these were kept apart from tlie diary and, unfortunately* 
w r ere not preserved. There is no doubt that the bulk of the work 
on steel alloys was done before Faraday began to keep his diarv 
at all 

Fa it a day’s S tecimens at the Science Muse pm 

As explained more fully in Chapter VIL, specimens of some of the 
specially interesting alloys mentioned by Faraday in his diarv 
notes of 1823—1824 Wctedeposited in the Science Museum, South 
Kensington* hy Mr. A* Evelyn Barnard, the nephew of Faraday’s 
adop t * d d Bitgh l t-r t M i &s Jarte Bit rn a rd. The an Lhor is nnteh i ndt?bt ed 
to Colonel Sir Henry Lyons, Hon. BJSo.* F.R.8., the Director and 
Secretary, for permission to subject them to examination and 
analysis* 

hull particulars of the results obtained from these specimens 
are given in Chapter VII T from which it will l*e seen that they 
supplement in a most interesting manner the seventy-nine sped- 
mens in the famous wooden box* They also help to confirm the 
interest of Faraday’s research on 11 steel and alloys ' 1 and add 
considerably to our appreciation of the remarkable work he 
accomplished. 

Fajlvday’s Last Reference to His h Steel and Alloys 11 

After the year 1824 Faraday appears to have done nothing 
further in the way of research on " steel and alloys/ 1 and many 
years later* in 1863, when he was seventy-two years old and his 
memory had begun to fail* he could not even recall what had 
happened to Lhe box of specimens which we have to-day* On 
March 17th, 1363, he wrote to his friend Dr. Percy, in response to 
nn enquiry: — 

Dear Pemt, —It is very pleasant to see your neat; handwriting 
again. I am quite tired in looking at my own unsteady* uncertain 
characters and sense. I wish I could have the further pleasure of helping 
you, but 1 have forgotten all about the paper on allovs, and cannot at 
all call to mind where any of the specimens arc. I rather think they 
all went into Mr. StodarFs hands, and must be lost by this time, for 
I do not know how to trace them." 

From this letter it may be inferred that most of Faraday’s 
specimens passed into StodnrFs hands, for the manufacture of 
experimental and other cutting instruments and the like. Pro¬ 
bably some of these specimens remained in Stodart’s workshops 
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till the latter were swept away by building improvements in t he 
Strand. However this may be, it is quite certain that many of 
Faraday’s specimens could not have gone to Stodart because some 
important work was done by Faraday nearly nine months after 
Stodart’s death. 

Wc may surely congratulate ourselves on Faraday's dereliction 
of memory in regard to the specimens. Without it, the precious 
specimens in the wooden box would almost certainly have been 
handed to Percy in and it is quite possible none of them 

would have survived until to-day. In 1803, Percy was no doubt 
collecting material for his famous hook on Metallurgy.’ Iron and 
Steel, published in 18(H T and he would doubtless have welcomed the 
opportunity of examining Faraday’s specimens. It ls, however, 
fortunate that this opportunity was denied him, for, great metal¬ 
lurgist though lie was, Percy could not, nearly seventy years ago, 
have obtained a fraction of the information which lias now been 
extracted from Faraday’s specimens, 

The record of Faraday’s researches on alloys of steel as told by 
himself ends with his letter to Percy in 1S63. In Chapter VI f. the 
author passes on to the years lOati 1931, and explains how the 
opportunity of examining the surviving specimens arose, and how* 
much the modern resources of science have revealed concerning 
these tiny pieces of steel, perhaps the most interesting of any in the 
world. 

Before doing this, however, it will be interesting to discuss 
certain aspects of Faraday’s work in relation to later conditions 
and developments, and to give such information as is available 
concerning the attempts to make practical use of his alloys more 
than a century ago. 

Faraday and Steel Analysis 

Attention has already been drawn, in Chapter II., to the com¬ 
paratively primitive state of chemical know ledge at the time when 
F urn day was engaged in his researches on steel and alloys. Quanti¬ 
tative analyses could not lie made with anything like the complete¬ 
ness and accuracy to which we are accustomed, and even chemical 
notation itself was still complicated by many old conventions. 
The curious sign J, depicting the lance and shield of Mars, the 
God of War, represented the metal iron, and Faraday stamped this 
sign on some of his specimens. Thus, referring to Table IT,, 
specimens C. 2*1 ; E. 1-1 to E. 1-8 ; and G. 1-1 arc marked 
denoting an alloy of platinum with iron ,* and specimen C. 3-1 is 
marked , denoting an alloy of rhodium with iron. The author’s 


128 


THE BTRTH OF ALLOY STEELS 


analysis of these specimens* given in T&ble V.. show that these 
symbols were used correctly by Faraday. 

Although the notation then current seems strangely primitive 
to our eyes Faraday was, of course, quite familiar with it and used 
it correctly. Alsu t although chemical knowledge was then rudimen¬ 
tary m compared with that of to-day it must be remembered that 
Faraday was one of the leading chemists of hh time and he made 
many important chemical discoveries during and immediately 
after the period in which he was engaged on steel researches. 
He was, in fact, at that time primarily a chemist, arid he worked 
with marked success in the difficult field of organic as well as in¬ 
organic chemistry". As Sir William Pope, F.R.S*, pointed out in 
his paper, 41 Faraday as a Chemist, ,p read before the Royal Institu¬ 
tion on June 12th, 1925, Faraday's book Chemical Manipulation, 
publish [.'d in 182*.). provides n fund of information enneemmg 
details of chemical experimentation of which the chemical student 
of to-day h entirely ignorant. The investigator of to-day is 44 now 
hut little dependent on his own manipulative skdi, and has become 
largely subservient to the ingenuity of the scientific instrument 
ni aker. 1 * These pni nts deserve i o he stressed because it is i niportanfc 
to realise that Faraday was a great chemist and an experimental 
investigator of extraordiiiary genius. The general state of 
scientific knowledge was relatively primitive in Ins early da vs, but 
we umy be sure that his researches on steel and alloys were con¬ 
ducted in no haphazard manner* 

Accustomed as we are to complete analyses of steels it seems 
strange that a full analysis, as we now understand the term, is 
nowhere to be found in Faraday S s papers, Faraday did not, 
however, overlook this matter* neither did he assume that what lie 
placed in his crucible was necessarily to be found in the alloy he 
removed on tile completion of his melting operations* The 
following extract * is remarkably interesting, and affords a striking 
example of the manner in which Faraday combined scientific 
procedure with practical common sense as regards avoiding 
laborious determinations—mudi more laborious then than now— 
where such would serve no useful purpose* Referring In the 
identification and examination of steel alloys, Faraday says :— 

“A point of great importance in experiments of Lhis kind was, to 
ascertain whether the products obtained were exactly such us we wished 
to produce. For this purpose, a part of each product was analysed, 
and in some cases the quantity ascertained ; hut it was not considered 
necessary in every case to verify the quantity by analysis, because, in all 

* From On thr -1 of Spclj by arid Fiiradny T lloyal Socitl v, 1822 r 
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the experiment# made in the Ltbomtory, the button produced after 
fusion was weight, and if it fell short of the weight of both metals put 
into the crucible* it was rejected as imperfect, and put aside, When 
the button gave the weight, and on analysis gave proofs of containing 
the metal put in to form the a]]oy* and also on being forged into a bar 
and acted on by acids, presented a uniform surface, we considered the 
evidence of its composition as sufficiently satisfactory. The processes 
of analysis, though simple, we shall briefly state : the information 
may be desirable to others who may be engaged on similar experiments ; 
and further mny enable everyone to detect any attempt at imposition.' 3. 

These instraction* would dearly lead to the desired information 
with a maximum of certainty and a minimum of time and labour, 
which should study be the aim of every scientific test designed for 
purposes of identification and checking, as distinct from the dis¬ 
covery of new properties or fresh information. The instructions 
given by Faraday for the individual analyses are equally concise 
and practical, as might be expected from so great a chemist. 

Influence of Carbon 

Faraday said in 1822 ik it b not improbable that there may be 
other bodies besides charcoal capable of giving to iron the proper¬ 
ties of steel.” So fur, carbon steel or alloys of steel also containing 
carbon retain their remarkable pre-eminence as regards capability 
of being hardened by heating and quenching in water. \Ve have 
here, however* another instance of Faraday’s high powers of 
perception* for the well-known metallurgist Sir W. t\ Roberts- 
A listen, K.C.IL, F.R r S., in his book An Introduction to the Study 
of Metallurgtj f written at a much later date (1390}* not only 
quoted Faraday's words as above, but went on to say :— 

<fc The strange thing is that it is not known with any certainty whether* 
in the absence uf carbon, other elements do play the part of lhe metalloid 
in enabling iron to be hardened by rapid cooling. 

44 Take the case of chromium, for instance; chromium carbon steel 
can, us is well known, be energetically hardened, but Busck * Iras 
asserted that the addition of chromium to iron in the absence of carbon 
does not enable the iron to be hardened by rapid cooling* 

l+ Probably by emplaying the electrical method of heating adopted 
by Pepys a decision will be arrived at as to the hardening properties of 
elements other than carbon, 11 

This reference to Pepys* classic experiment is specially interest¬ 
ing, in view of .his association with Faraday (Chapter 111.). By 
means of a very ingenious electrical apparatus,f Fepys heated an 

* Stakt und Eisen, VpL IX_ r Hsu, p m Till*. 

t Fell hiIIqiIm of ihU elt^ riven in a jmner by J. G* Children 

F.ILS.,FA^ 3Vot* p * P 
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iron wire in contact with diamond dust,, all other materials being 
excluded ; the iron was thus converted to 11 perfect blistered steel" 
where it had been in contnet with the diamond. This experiment 
proved conclusively that the 44 steelificatinn " of iron could be 
effected bv the diamond alone* and the carbonaceous character of 
the latter was demonstrated beyond possibility of doubt* In the 
pass age quoted above, Eoberts-Ansten suggests that the same 
method might be used to investigate the hardening properties of 
dements other than carbon* The author, however, doubts whether, 
in the absence of carbon, any other element can be found to equal 
the extraordinarily valuable properties nf that element in alloys of 
iron. 


Faraday and Heat Treatment 
Evidence is available m Faraday*s writings to show that he was 
fully cognisant of the great importance of the accurate heat treat¬ 
ment of steel. Thus, in dealing with lhe properties of rhodium 
steel* he states that it requires to be heated for tempering full 
JifT F. higher than the best woota, which, in turn, must be heated 
full 40 F, higher than the best English cast steeL “ Thermometrie 
degrees are it anted/’ he continues, l< that being the only accurate 
method of tempering steel* 11 tn this sentence there is not only an 
appreciation of the importance of a comparatively few degrees 
difference of temperature, but also an indication that the fact was 
not generally known at the time, otherwise it would hardly have 
been emphasised as it was* 

In his book Chemical Mamptduti&n t Faraday refers to the use 
of thermo-electric indications to determine the temperature of 
furnaces, It is true that at that time 4i the direct application to 
the detenuinaLion of the higher temperatures had not been made 
practical in the hands of an ordinary observer,” but it is dear that 
Faraday foresaw the importance and desirability of this being made 
possible. 

Faraday and Rust and Corrosion Resisting Steels 

In the introduction to the paper by Stodart and Faraday pre¬ 
sided to the Royal Institution in 1820 on l * Experiments on the 
Alloys of Steel made with a View to its Improvement/ 1 it is speci¬ 
fically stated that the secondary object of the investigations was 
to ascertain “ whether any such alloys ” (t.e., any alloy found to 
be specially suitable for the making of cutting instruments) 
would, under similar circumstances, prove less susceptible of 
oxidation.” Thus, while it cannot be suggested that Faraday had 
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any idea of making corrosion-Hoisting TB steel in the modmi 
sense of the term, there is no doubt that he hoped to produce 
alloys which would withstand rusting when exposed to ordinary 
atmospheric condit ions. A eons ide ruble nieasi i re o f success appears 
to have been obtained in this direction; thus, Faraday states that 
10 of p fatftHgm to 80 of steel formed an excellent alloy, which 
after lying exposed lor many months to the atmosphere indoors* 
luuJ not a spot of rust on its surface. On the other hand, an alloy 
made from 111 of nickel to SO of steel was found to be covered with 
rust after the same exposure under exactly similar dmmtstancex, 
and Faraday calls special attention to the fact that an alloy of 
nickel with steel, that is containing higher carbon* is much more 
subject to oxidation than a similar alloy with low carbon iron ns a 
base. In the 1822 paper, presented to the Royal Society, a more 
general statement to the same effect is made* viz. 

** It is a rurimis fact,, that when pure iron is substituted for steel* the 
alloys so formed are much less subject to oxidation. 8 per cent, of 
iridium and osmium* fused with some pure iron, gave a button, which* 
when forged and polished* was exposed, w ith many other pieces of iron* 
steel, ana alloys* to a moist atmosphere : it was* the last of all showing 
any rust. Tile colour of this compound we* distinctly blue ; it bad the 
property of becoming harder when heated to redness and quenched in a 
cold fluid. On observing this steel-like character, we suspected the 
presence of carbon ; none, however, was found, although carefully 
looked for. It is not Improbable that there may be other bodies, besides 
charcoal, capable of giving the iron the properties of steel j and though 
we cannot agree with M. Boussingault,* when he would replace carbon 
in steel by silica utils base, we think his experiments very interesting 
on tills point, which is worthy of further examination.” 

Faraday observed that different alloys were attacked by the 
same acid to different extents ami he claimed that the relative 
vigour of the attack offered a means of distinguishing alloyed from 
plain sleek and even of forming a judgment as to the particular 
element present in the alloy. His observations us to the peculiar 
properties which some alloys exhibit when immersed in dilute acid, 
" not only mark and distinguish them from common steel, and from 
each other* but also give rise to some considerations on the state or 
particles of matter of different kinds w hen in intimate mixture or 
in combination, which may lead to clearer and more perfect ideas 
on this subject/" 

Faraday not only discussed the probable explanation of the 
phenomena which he observed, but also gave quantitative data 
concerning the relative corrodibility of various platinum steel 
alloys in different acids. Thus, he found that 0-25 per cent, of 
* .-ienaiej dc Ciiimjf* X V L, 10, 
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platinum alloyed vvith s led increased the action of dilute sulphuric 
acid on the latter considerably; with 05 and 3-D per cent, of 
platinum it was powerful ; with 10 per cent, of platinum the add 
acted, hut nut with much power; with 50 per cent, the action was 
not more than with steel alone ; and an alloy of W platinum with 
20 steel was not affected by the acid. 

In Chapter VII. will be found the results of the author's tests 
with acids on some of Faraday's alloys. These provide excellent, 
confirmation of Faraday's observations* both as regards the ready 
attack of sulphuric acid oil the alloys with a low percentage* from 
G6SP tu 2-5D per cent., of platinum, and the contrary behaviour* 
that is difficulty of solution* of a high {48-D} percentage alloy. In 
the case of rhculium, however, while the alio)' of similar high 
percentage (48*3) was even more difficult to dissolve* the low 
percentage alloys were not specially soluble, that is* as compared 
with ordinary steel* 

COxVlUJIFOKAILY UhE Oh FARADAY'S SlUliL ALLOYS 

As already stated, some of Faraday s alloys were made bL in Lhe 
large way T ' by Sandersons, of Sheffield* and some were used by 
Green, Pickslay & Co. in the manufacture of fenders and razors. 
Unfortunately^ there is no contemporary evidence available to 
show the total amounts of various alloys made in Sheffield* nor 
can any trace of the manufactured products be found, with the 
possible exception of two razors tent to the author by Sir. A. 
Evelyn Barnard, a nephew of Jane Barnard* who was Faraday’s 
adopted daughter. Probably the total amount of alloy steel made 
at Sheffield from Faraday's mixtures* or in accordance with his 
destructions, was quite small, but there seems tu be no doubt that 
stove fronts and fenders were made from his alloy of steel with 
silver and razors from his alloy of steel with rhodium. 

By Lite courtesy of the Royal Institution, the author is able to 
reproduce certain letters w ritten to Faraday by the firm of Green, 
Pickslay & Co.* Sheffield, These are of great Interest as showing 
the enterprise of this Sheffield firm* which was, to judge by the 
letters, rewarded by a certain measure of practical success. It will 
be seen that Mr. Charles Picks lay continued his active interest in 
the matter for a period of at least two and a half years, one letter 
being dated April 14th r 1324, and another November 16th* 1826. 
The third letter is undated, but, from its tenor, appears to have 
been of intermediate date. Evidently Faraday must have corre¬ 
sponded with the firm, hut no trace of his letters can be found. 

It is specially interesting to note that Mr. Pickslay'$ 'last-dated 
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letter was written nearly two and a half years after the latest entry 
in Faraday’s diary concerning steel and alloys. 

The first letter, from C. FieksJay to Stodart and Faraday, read 
as follows : — 

“ Messrs. Stodart & Faradav* 

“Gent B ,—I sometime since read with considerable interest your 
essay on the alloys of Steel & being convinced that some of them might 
be introduced with great advantage into our own manufactory * for the 
various descriptions of Cutlery as well as for the fronts of Stoves ami 
Fenders l determined to make an experiment in the large way with 
Steel & Silver and if Use price of the alloys do not prohibit them with 
Platinn and Rhodium, but as the success of the experiment depends 
upon * a faithful am! diligent attention on the pEirt'of the operator’ 
which I could not Ensure unless I superintend it in all its processes I 
deferred il until we had erected some new workshops we were building, 
they arc now nearly complete Jt we shall soon he able to have the Steel 
made the article finis)Led on our own premises* The whole process of 
Casting, Forging, Hardening, & Grinding w ill he carried on under my 
awn inspection or of one of my partners, 

u Will you Lave the goodness to inform me if any further instructions 
are necessary than those published in the Rep 1 of Arts for Jan T 1823 
and where the alloys are to be obtained on the best terms & the price. 
In return we .shall have great pleasure in presenting you with fenders 
made of the improved Steel if it succeeds to our expectation* 

I am, Gent 1 ' 

" Your uhd. Hide. Set 1 

11 r Pinr^r iv 

“ Sheffield, April it, lfi24. rt 

Tliis latter was evidently a prelimiunry enquiry such m might 
be sent by an enterprising firm contemplating the taking up of r 
new line of manufacture. The reference to the new workshops 
under construction ; the capability of making steel and finishing 
articles on the firm’s own premises ; and the personal supervision 
mentioned by Mr. CL Piekslay are points of special interest. 

An undated memorandum^ probably coming next in order of 
date* is as follows : — 

“ From : Green, Picksuy & Co. 

11 To : Mr, Faraday. 

11 Green, Pickslay & Co. have great pleasure in informing r. Ferrady 
that they have made a number of experiments with the alloys, recom¬ 
mended by him, and find the Steel greatly improved by them ; they 
send a specimen alloyed with silver* Iridium, and Rhodium, which they 
consider the best they have produced, these alloys with some valuable 
practical hints, have been Furnished by Mr. Johnson, No. 79 Hatton 
Garden *; the Report of the Forgers is that the steel works better under 

* The hLusinew En jmeHaiu tiielala \a irtHl carried aa at this address by Messrs. 
Johnson, SlcittheT A Co,, Ltd_ T and on a very extensive scale. 
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tiki I Lun r i linn any they have before used, and likewise hardens in. u 
much superior manner. 

■"Green, Pickslay & Co. beg Mr, Fcrrady’s acceptation of n pair of 
H;knot's niEi ile from this Steel- They wiU have great pleasure in sending 
other Specimens of Cutlery fcc as they continue their experiments. 



This communication pays high tribute to the quality of +< Mr. 
Fcrradv’s 13 alloys, and may be taken as genuine, for the forgers 
were not likely to praise the working of the steel and its harden¬ 
ing properties unless they found the material really superior 
in these respects* The reference to Mr. Johnson, of Hatton 
Garden, is interesting ; presumably he supplied the silver, 
iridium and rhodium for alloying and not the actual alloys them¬ 


selves. 

The third letter rends as follows :— 


“ Sheffield F 

“ 16 , 1626 . 


“ Sin,—We continue our cX|k rim cuts with thr alloys much to our 
own satisfaction, but greatly to the annoyance of some of our Neigh¬ 
bours,. who wish to avail themselves of your important discoveries, hut 
have not the spirit to incur the necessary expense. 

** 1 enclose you a Newspaper, in which you will observe, an attack 
upon our Peruvian Steel We must however admit t he writer has cause 
(from the conduct of some other manufacturers} to draw the inference 
lie lias done. 

“ I send you a rasor. marked 1 Silver Si eel, 1 it is made of the com¬ 
monest Steel that can be produeed + the Person who forged it informs me, 
he makes a great quantity, of tile same quality all marked 1 Silver 
Steel/ We therefore deem it prudent to keep the aDoya we use secret, 
for should we publish them, the same Persons who mark 1 Silver Steel 1 
on such spurious articles as the blade sent, would not hesitate to assert 
that they used the same alloys as we did, and thus bring it into disrepute. 

“ At the same time we shall be happy to give you confidentially any 
information you may wish, but for the reason stated, you will agree 
with us it is not desirable to make it public, 

“ We beg your acceptance of a pair of Peruvian steel scissors, that you 
may judge what Polish it will receive. The Grinders were very much 
prejudiced against it, but now admit it bears n finer colour, than any 
other that comes Into their hands. 


1 remain. Sir, 

" Most respectfully, 

ls Yours ob l , hide. Scrvh 


41 U. Faraday Esq r * 

Royal Institution/* 


“ CiiAS. Picks i ay. 
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This document indicate that the firm of Green, Pickslay & Co* 
bud devoted u great amount of work to the subject of steel alloys 
mid Incidentally reveals troubled of a nature still nut unknown. 

As regards the firm of Green, Pickslay & Co. itself this concern 
seems to have been one of considerable importance in its day* 
Some idea of its activities may be gathered from the following 
notes, based on early directories of Sheffield, Peeps into the Past, by 
Thomas Aslinc Ward (1TSI — 1871), Master Cutler of Sheffield in 
1816, and ReminittenCrt of Old Sheffield, by R. E. Leader. 

The firm was mentioned in directories as Green and PieksLay in 1821, 
Green, Picks!ny and Appleby in 1825. Pickslay. .A ppleby ami Bert mm 
in 1828, and Charles Pickslay Sc Co. in 1883 and 184L the latter being the 
last year in which the firm is mentioned in a directory* 

Mr. Green was 11 fond of field sfM>rts and had the entree of very good 
houses, but lie had to give his great friends tong credit and was not the 
man to ask for payment* so that ltie inevitable end resulted*** Mr. Green 
came to poverty and the business was carried on by Pickslay, Appleby 
and Bertram for a time. Liter Charles Picks lay's name appears alone. 
From these facts, and the fact that Charles Pickslay signed the letters 
reproduced above, one may infer that he was the technical and working 
partner and that lie was a man of enterprise and steady applieation. 

The firm is described as lB perhaps the first and most extensive iron¬ 
mongers in Yorkshire, and noted for a peculiarly excellent cast steel 
which they called 1 Penman. 1 ¥t Throughout the perkni 1821-lfttl they 
appear to have been high-class cutlers, and they also had their own 
foundry and made stove grates, fenders, balustrades, and so forth. 

From 1833, Charles Pickslay & Co* confined themselves to the 
manufacturing part of their business, and one infers from Mr. Picksltty's 
letters to Faraday that he was always specially interested in this side 
of the business. Evidently he did not succumb to the credit trading 
which cnchd so disastrously for Mr. Green. 

Charles Pickslay died at his residence, Eudcliffe Cottage, in 1852, aged 
seventy-one years. 

The correspondence betw een Green, Pickslay & Co. and Faraday 
seems to show an honest belief on the part of that firm in the 
merits of the silver* iridium and rhodium alloys of steel* It not 
only shows an enterprising spirit on the part of a Sheffield firm— 
for apparently the initiative was taken by them after reading an 
account of Faraday's work—but also constitutes a definite link in 
the chain of development. These letters arc T in fact, first-hand evi¬ 
dence of a well-sustained attempt to make practical use of Fara¬ 
day's discoveries and they must be some of the first, if not the 
first, letters hearing on the commercial development of alloy steel. 
They reveal the fact that a firm, celebrated in those days, thought 
highly of Faraday's work and found hb allays of such superiority* 
compared with other materials then available, that they were 
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quite pleased to continue their experiments and practical produc¬ 
tion of them for at least two and a half years. During this period 
the firm went to considerable expense in the trials and appears to 
have been well satisfied by the results* 

What happened later must remain a matter for speculation. In 
his letter of November IGtli, 182G t Charles l J ieksLay offers further 
information to Faraday, but asks him not to make it public. If 
Faraday took advantage of this offer we may he sure ho would 
observe the condition attached and thus, in all probability, the 
experience gained by Pickslay was lost when his firm ceased ! ■ 
exist, about the year 

Faraday presented razors made from his alloys to friends at 
various dates. Probably these razors were made by Green * 
Pickslay *k Co. (or Chas. Pickslay & Co*)* By the courtesy of Mr. 
A. Evelyn Barnard, the author has been permitted to test two 
razors which formerly belonged to Faraday, one bearing the 
wootz sign and the other marked 41 Silver steel.” Full particulars 
of the tests on these razors are given in Chapter YU. 


CHAPTER VO 


MODERN INVESTIGATION OF FARADAY’S STEEL 
AND ALLOYS 

Tut Atmifn’B Research 

As explained in the course of this chapter, the author has had 
the privilege of subjecting to full and complete examination 
seventy-nine specimens of Faraday's "steel mid alloys/' which 
were placed by Faraday himself in a wooden box well over a 
century ago. The author has also had the privilege of subjecting 
to complete examination a further group of specimens, namely, 
some of those mentioned by Faraday in his diary. Hitherto* none 
of these specimens in either group has been submitted to anything 
in the way of quantitative determination of composition and 
properties. Many of them Imd been forged into small bars, cither 
by Faraday or by someone acting for him, and a few hail been 
polished, but that was all. Faraday nowhere gives a full analysis 
of any of Ids specimens, though he checked their composition by 
the method explained on p + 123, Chapter VI. As regards the 
methods oT testing employed by the author other than chemical 
analysis, namely, met allograph ic, spectroscopic, hardness tests, 
electrical and magnetic testa, these were not known at the time of 
Faraday's research on steel and alloys, and they have certainly 
never before been applied to his specimens. The author's investiga¬ 
tion and examination are therefore unique, that is, specimens of 
alloy steels made more than a century ago have been subjected to 
the fullest possible examination by the resources of a modem 
research laboratory* Much in teres Ling information has been 
obtained, and as the present research proceeded it became increas¬ 
ingly evident that it was of considerable importance, and that 
Faraday's work on his steel and alloys undoubtedly constituted 
the firxt true and scientific research on the important subject of the 
alloys of iron with other elements. 

In addition to the chemical and physical examination of the 
seventy-nine specimens, it has been possible to make miniature 
knives and a razor from certain of Faraday's alloys, and tests have 
been made on a few specimens deposited in the Science Museum 
by Mr. A* Evelyn Barnard, these specimens being additional to 
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the seventy-nine in the historic wooden box. Also, two of 
Faraday's razors, kindly lent to the author by Mr, A. Evelyn 
Barnard, have been subjected to examination and comparison with 
two other razors made by Fepys and Stodart respectively. 

The author's research thus falls under the headings : 

(1) Main Research on Faraday's Specimens* —Full examination 
and testing of the seventy-nine specimens in Faraday + s wooden 
box. The total weight of these specimens was only 7 ]b> 14 nz Tt 
and only about 1 lb. 3* ok, has been used up in the course of 
analysis and testing* 

(2) Manufacture of a razor and miniature knives from Faraday 's 
material. 

(8) Bescarchci on Further Specimen& of Faraday's Allays .—■ 
Full examination and testing of specimens of Faraday’s steel and 
alloys mentioned in Faraday's Diary, November $rd. 1828. 

(4) Examination of historic razors* namely, one by Pepys + one 
by Stodaft* and two belonging to Faraday, one of these being of 
wnotKj the other of silver steel. 

The examination and testing of the specimens of these steels 
and alloys and of the historic razors have been made in the Had field 
Research Laboratories* Sheffield. A full account of the results 
obtained is given Later in this chapter and, as shown by Tables IV* 
and XVII., the work has involved many hundreds of analyses and 
tests, all of which have been conducted on a remarkably small 
amount of material, thus the specimens themselves still remain 
comparatively intact. 

Thanks to the superior methods of testing now available* 
Faraday's results arc seen in a very different light from that in 
which they have hitherto been regarded. The author has on many 
occasions in the past drawn attention to the fact that Faraday 
was interested in and experimented on alloy steels, but he freely 
confesses that he had not appreciated the full importance and signi¬ 
ficance of tJm work until the opportunity arose of examining the 
specimens which Faraday prepared. 

Circumstances of the Main Present Research 

Iii August, 1930, the author saw a few specimens of Faraday's 
steel and alloys in the Science Museum, South Kensington, where 
they had been placed on exhibition, under the eare of Colonel Sir 
Henry Lyons, F.ILS., during the recorLstraction of the Royal 
Institution building. As an exhibition of Faraday's apparatus* 
instrument* and other material was to t*e held in the Royal 
Albert Hall, London, during the Farnday Centenary Celebrations, 
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under the management of a special committee wiLh Colonel 
Vignolea as chairman, the author suggested that it would be 
interesting and appropriate to have Lhe specimens of FarndayN 
sted sul unit ted to complete exaiuination aild analysis* The author 
further discussed this suggestion with Sir With am Bragg. F.R.S., 
Fullcrmn Professor of Chemistry * Director of the Laboratory and 
Superintendent of the House* who now occupies the high position 
so long held by Faraday himself. It was recognised that Faraday’s 
researches on M steel and alloys H and his own account thereof 
would acquire a new and greater interest if some of his actual 
specimens could he completely examined by the latest methods* It 
was therefore with much pleasure and satisfaction tlmt the author 
received on November 3rd, 1030, an official letter from the Royal 
Institution stating that the Managers saw no objection to the 
author’s proposal and granted the necessary permission for the 
examination and testing of these specimens. 

This permission was granted not only regarding the few speci¬ 
mens oil loan from the Royal Institution to the Science Museum, 
but also as regards the whole of the contents of the wooden box in 
which Faraday placed this set of specimens* probably in tht? year 
1823. This box is shown in Plate L f and more is said later con¬ 
cerning it and its contents. For the moment, it is sufficient to say 
that the box was found to contain a remarkable collection of alloy 
steels containing low percentages of the added elements, which 
undoubtedly represent some—but only a part — of the fruits of the 
researches described in Stodart and Faraday's papers of IS20 and 
1322, These were the first true and scientific researches on the 
important subject of alloys of irnn and steel with other elements, 
and they represent the first important research work conducted 
by Faraday, his earlier work being in the nature of comparatively 
small investigations, as shown by the Bibliography. 

Examination of the contents of the historic wooden box revealed 
no trace of certain high-alloy specimens mentioned by Faraday 
in Ids papers and in his diary. The absence of these was specially 
disappointing because it was evident that such an alloy as steel 
containing 50 per cent, rhodium, to mention only one example, 
might 1>c expected to have unusual properties, curious and 
interest in g if proving not to be of any practical value* 

On the completion of the author's investigat ion of the seventy- 
nine specimens in the wooden hox% when it became certain tliat 
none of these was a high-alloy specimen, Mr. A. Evelyn Barnard, 
nephew of Miss June Barnard f the adopted daughter of Faraday, 
drew the author's attention to certain specimens which he bad 
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deposited in the Science Museum, South Kensington. These it 
should be clearly understood are quite distinct from the few speci¬ 
mens previously mentioned as being on loan from the Royal 
Institution* The specimens presented by Mr + Barnard were fount! 
to be wrapped in paper bearing faded endorsements, apparently 
in Faraday's handwriting, which made it clear that these were 
actually some of the specimen* produced by the experiments 
mentioned in Faraday's diary under tin! date November 3rd. 
1823, By kind permission of Mr. Barnard and the Director of the 
Science Museum* Colonel Sir Henry Lyons, F*R.S., the author has 
been allowed to subject these specimens also to full examination. 
They do not comprise all the specimens mentioned in the diary 
records, but they include u sufficient number to leave no doubt 
that they are indeed from this group. The low-zdloy specimens in 
the wooden box are equally certainly representative of the earlier 
researches. 


The Wooden Box and Ira Contents 

No record lias been found of the date when Hie famous wooden 
box was made and filled with the specimens of steel and alloys. It 
is quite possible that this was done in order that a set of specimens 
might lie exhibited to the Royal Society when Student and Faraday 
presented their paper ” On the Alloys of Steel n in 1822. There 
can be no doubt that the specimens were placed in the box by 
Faraday himself for it beans labels in his handwriting i — 

“ Farad ay Ti 
11 Steel and Alloys” 

The box T which is made of deal, measures about B X 5 \ x 
inches, and contained seventy-nine specimens of steel and alloys 
of which only thirteen weighed 100 gin* (8| oz.) or over* the heaviest 
140’1 gnu (8 oz.}, while the remaining sixty-six averaged only 
31 gnu (M o£ + )„ The total weight of metal was only 7 lb. 14 oz. 

The appearance of the box and its contents is shown by Plates I* 
and TL The dimensions* weights and other particulars of the 
individual specimens are given in Table TL, and a 4i balance sheet ” 
showing the use made of the specimens for purposes of testing is 
given in Table III. A full account of the analyses of the speci¬ 
mens, and of the mechanical, physical, metallographic and other 
examinations to which they were subjected* is given in the following 
pages. 

Fmm his own experience in the disco 1 very and invention of 
manganese steel, silicon steel and other special alloys, including 
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investigation of their properties from a scientific standpoint, the 
development of their marnifacturc on a large scale, and their applica¬ 
tion to engineering and other purposes, the author has always had 
great sympathy with the difficulties of pioneers and special 
interest in the history of steel. For these reasons and because of 
the great amount of interesting information derived from the 
study of Faraday "s specimens now pJaeed on record for general use* 
the author wishes to express his best thanks to the Chairman. Sir 
Robert Robertson, F.R.S** and the Board of Managers of the Royal 
Institution for their generous permission ill placing these Faraday 
specimens of ” Steel and Alloys ” at the authors disposal to 
carry out the present research; he also begs to thank Sir M illiam 
Bragg, F.K.S-, Director of the Laboratory, Superintendent of the 
House and Fuller! an Professor* for the very kind help he has 
rendered and the interest shown in this research; also to the 
Royal Institution staff, including Mr. Thomas Martin* 3LSc.* 
General Secretary; Mr* VV, J, Green, lLSu. + Assistant in the 
Laboratory ; ami Mr. Ralph Cory, the Librarian* for their valu¬ 
able assistance. 

An account of the author's extensive research on the specimens 
in the famous wooden box, including their examination and tests, 
was published for the find time in a paper entitled ih A Research 
nn Faraday's "Steel and Alloys/ tN presented to the Royal Society 
and appearing in FkU . Trans. A* YoL -30, September* 1931. 

Acknowledgment is due to the Council of the Royal Society for 
their permission to embody in the present work in Ion nation from 
that paper concerning these tests, together with various Tables 
and Figures ( also to the help rendered to him by the Assistant 
Secretary* Mr. F + A* Towle; Mr* R* Winek worth, M.A., the 
Librarian, ami his assistant* Mr. 11. W. Robinson* in getting 
together various literature containing the historical references 
required by the author, of which many have been found of 
considerable service. 

The author returns his best thanks for the willing assistance 
afforded by Mr. W. J. Dawson* Metallurgical Director of Messrs* 
JJadfields, and the staff of their Research Laboratory* including Mr. 
T. C. Elliot, FJ.CU and his assistants, Messrs. G. B. Willey, F.I.C., 
A.RJS*M*»West and Arnold, with regard to the chemical and nietallo- 
graphie examinations; Mr* S. A* Main, B,Se,, F. lusLF.* who as 
regards the mechanical, physical and many oilier tests was assisted 
by Mr. T. H. Burnham, B.Sc.; Messrs. Todd* Spiller and Steven¬ 
son ; the author is further indebted to the patient and careful work 
displayed by Mr, T* Me I ling, assistant works manager at the 
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Heela Works of Messrs- Had! ields, for carrying out the numerous 
drillings for analysis often of delicate nature including difficult 
specimens such as razors, forging and other operations ■ also to 
Mr. II. Ilalhitt and his staff for much clerical work. 

With so many specimens requiring full and careful examination, 
the work carried out has been long and arduous* Nevertheless, 
the help afforded has been most cheerfully rendered. To one and 
all the author expresses most cordial thanks. 

Scope, and DimcuuTEfl of the Author's Research 

On taking charge of the wooden box containing the earlier 
collect ion of Faraday's specimens of steel and alloys, the author at 
once proceeded to sort them out- The manner in which they 
finally came together in sets was somewhat remarkable, showing 
the careful planning of the research by Faraday. This is clearly 
indicated by the classification arrived at in Table IT* and Plates 
XXIX. and XXX. Beyond a few special marks on sonic of the 
specimens, there was, however,, nothing to indicate their actual 
nature, probable compos it ion, how made or treated, and so on. 
Information provided in Studart mid Faraday's papers of 1820 
and! 1822 afforded some useful clues but, in the main, the author 
had to start work with but little definite information to guide him, 
and subject to the difficulty that only an absolute minimum amount 
of material might lie used for the purposes of the various tests. 
The intensive search for etui temporary information regarding 
Faraday's research led to further investigations concerning the 
part played by those with whom Faraday came In contact. The 
scope of the work thus grew rapidly, entailing a vast amount of 
labour for id I concerned—a labour of love, but a labour none the 
less. 

It is not possible to determine the composition and qualities or 
the full nature of a specimen of steel merely by observing its 
fracture, by metafiographic examination? or by spectroscopy, 
useful as each of these is in its own place ; full chemical analysis 
is also essential. The spectroscopic method proved of service in 
the pre liminar y examination of some of the specimens, hut com¬ 
plete chemical unaJy.si.s, mechanical and other tests were required 
to arrive at a full knowledge of the steels and alloys. It was 
desired Unit not more than about 20 per cent* of each specimen 
should be used for analysis and other testing purposes, but the 
author had permission to use more if essential, provided that a 
material weight of each should remain. As will be seen from 
the 14 balance sheet, 5 * Table III +> it was found possible to complete 
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Table II 

General Particulars of the Specimens Arranged in Groups 
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TaulU II (lunJin tied) 


General Particulars of the Specimens Arranged in Groups 
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Table: III 

Balance Sheet Relating to the Disposal of the 79 Faraday 
Steel Specimens 


AIm* thawing I he AILlOLUiI of steel used in currying tilil the autbvr’a rticardi 


(A) The grand Lotd of the weight of the specimens before the 
research. was „ 

{W) The ^rund tobi! of the weight of tike- yjx-cinsrns T?nminln^ ivfter 
the research wua 


a37!J grams, 
(.7 |hs, 14 ozfl.) 

:SOlh grama. 
CO lbs. io| ots*} 


( 1 ) The fotJjOvfing Maxekiai. is 

ITIU AVAILABLE : 

(A) CWfiodjet) pertU^ns of the origi¬ 
nal ffpf rimerw slill mmiming 

1 R} Portions cut n|T ;■— 

f«} for Ti-itipteai, Hieluding 
trimmings and gffu|j. 

The tests votriprise : 

^JoDgnphJfl e.viinmiEri imi Ifl 
Sperihc Gravity , . 21 

HAfdti^s . , tffi 

Tensile . . a 4 

Spfidflfi Uagqetiim „ . 22 

tJectrienI ItesisUince . d 
blkkhcnctiia T . .4 

t teat ing and COCilf ng €litvcs H 
Corrosion . . .1J 

fij Blades of ^liidiilure K nlvea Id 
M Razor 42 

(2) Tun FOLLOWING Sections (C) axu 

i Uj MF.piLT5ENTMii'i:HLy: which 
HAS FKITN UiKU UP ASU Pi 
NOX-HECOVEOaHI-E J 

{€) Dnllm^i (ppitiylli of which arc 
still available J from which i:ii 
chcmti'd analyses Wert made , 

(D) Waste in sotting, I'll i 1 1 u[. grinding 
or taming ; also heart and forg¬ 
ing waste . 

(iHAN'n Total, representing tbe original 
weight of the 70 upecdmena „ 
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the examination of the seventy-nine specimens from the wooden 
box without using more than the percentage of material first 
stipulated. The actual total weight of drillings used in 434 
chemical analyses was only 187 gms. (G§ oz.) and the total w'cight of 
materia! used for all the tests, including the preparation of speci¬ 
mens for tensile and other tests, amounted otdy to L"J2 gms, (7§ oz.). 
Table III. shows clearly the amounts of material used for various 
purposes. It was a somewhat remarkable feat to make so many 
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lyses and tests, and obtain so much information from such a 
small quantity of material, and* in doing so* methods of procedure 
were evolved which should be equally successful and useful in 
future investigations. 

Tests had, in many instances* to lie made to detect the presence 
of from six to seven dements in one specimen, and the actual 
amounts of each element detected bad to be determined. Also, 
such further tests us could be arranged on these small and dilticult 
specimens were made to determine the mechanical strength and 
hardness* as well as the electrical end magnetic qualities. During 
the early stages of the investigation* spectroscopic tests were 
employed* and these gave considerable assistance in Die way of 
indicating what elements should be determined by chemical 
analysis. The full information given in Tables V. ? VII* and VIII. 
wus obtained by chemical analysis and mechanical and physical 
tests as noted. Superficial inspection alone can reveal nothing of 
the compositions and nature of steel and alloys* and there is no 
evidence that anyone had ever done anything more than look at 
Faraday s » specimens during Die period of more than n century 
^incc he set them aside until the author undertook the research now 
described* 

As one of Faraday's objects was to produce steel alloys of 
improved quality for fine tools, surgical and other instruments 
with cutting edges* it would have been specially interesting to test 
folly the properties of his specimens in this respect. Tliis* however* 
would Lave required a large series of experiments demanding a 
much greater amount of material than that actually available. 
The author has therefore had to rest content with making a razor 
and some miniature knives from certain of Faraday^ specimens, 
supplementing this work by an examination of the historic razors* 
already mentioned. 

Curious as are some of the results obtained and some of the 
compositions revealed by Die author’s Investigations* it is 
possible to vouch for their accuracy thanks to the high degree of 
analytical skill, met allograph ic, physical, mechanical and other 
know ledge available in the research laboratory of to-day* 

It will be seen from Table V. that no high alloys were found 
among the sjjecimens from Faraday’s wooden box. Fortunately, 
some alloys of this type were found in the further set of specimens 
from the Science Museum* and the analyses of these are given in 
I able Xl III* The elements mentioned by Faraday in his writings 
are tabulated on p< 1GB, where also the elements found to be 
present by the author are noted. 
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Although there is one remarkable alloy steel containing only 
0 07 |>er cent, carboy the steel and alloys in the wooden box repre¬ 
sent generally two classes, about 0 S0 to 1*00 per cent, carbon arid 
1 -40 to 1-50 per cent, i. 1 ., with some specimens of wrought iron. In 
the papers by Stodart and Faraday, distinction is made between 
alloys of iron with various elements and those of steel with the same 
dements. Most of the alloys were made with steel of compara¬ 
tively high car hoi i p that being the type of steel used for cutting 
iustmiiientSj which* as Faraday tells us, he was trying to improve 
by alloying. 

The steels used by the firm of Green, Pieksky & Co. for fenders 
and razors—probably alloys of silver, iridium and rhodium with 
steel as shown by the letters on p. 133—were must likely of the 
same general type as the specimens in Faraday's wooden box. 
No documentary evidence has been found on this point* and no 
specimens of the Green, Fickslay alloys are known to exist* but 
commercial con side rat ions render it higldy improbable that the 
firm made any practical use of the high rhodium or platinum steel. 

The ILidfeeld Research on the 79 Early Specimens of 
Faraday^ 11 Steel and Alloys ” 

Classification of the Specimens by Visual Examination*— 
The seventy-nine specimens received by the author are shown in 
Plate IL t just as they were taken out of the box in w hich they haul 
been preserved, the box being shown in Plate i. 

The similarity in form of some uf the specimens at once sug¬ 
gested their sorting and classification, which was accordingly 
carried out after a close visual examination of the specimens 
individually* As the result it was found convenient to arrange 
them in lettered groups, allocating to each specimen a group 
letter and number as shown in Plates XXLX. and XXX. These 
numbers were stamped on the specimens in small characters* or* 
where the material proved too hard* added by means of an electric 
engraving tool. An additional serial number, described in the 
tables as the Hadiield Research Number* was also allocated to 
each specimen in order to distinguish them from any marks pre¬ 
viously added by Faraday. 

In Table IL will be found the individual characteristics of the 
specimens, determining their classification into groups* with also 
their weight and dimensions. 

By classifying the specimens in this w ay it was hoped that some 
indication might be obtained of Faraday's methods of procedure, 
and possibly of the actual nature of the individual specimens. 
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This, in fact, proved to be the case, as the folliiwiiig description will 
show. 

The three specimens in Group A termed “ Ingots 11 are evidently 
of metal which had been allowed to solidify in the crucible from 
which it had afterwards been removed. These small ingots, as 
they may be called, do not appear to have been mechanically 
worked in any way. nor do they show any signs of suljseqnent 
heating. They weigh I i, and 41 oz. respectively. 

The small excrescence seen cm the upper surface of Nog. 1/A.I 
jmd JJ'A*3 will be familiar to those having experience in the casting 
of metals, as due to the evolution of gases on solidification* known 
in the steel industry as 11 rising/" 

From the more irregular form of Specimen No. 2/A.2* as com¬ 
pared with the other two* and the fact Llrnt its exterior contour 
does not conform to the shape of a laboratory crucible, it is to be 
inferred that probably owing to a somewhat higher temperature 
being obtained, the crucible deformed during the process of 
melting, although still being able to retain its contents. In liis 
papers Faraday mentions something of this kind occurring at times. 

Jn GroupB, ‘"Blooms / 1 the pieces which weigh approximately 
4 to 5 os + each, are clearly ingots similar to those in Group A 
bul w hich have been hammered on four sides, proliahly preparatory 
to further forging. Adopting the language of the steel industry 
they have therefore been described for convenience as 41 blooms/ 7 
Specimen No, 10 R? is somewhat exceptional, a closer examination 
of which subsequently made indicates that it bears no signs of 
hammering, but is rather in the nature of Specimen Nik 2/A/2, 
that is* an ingot obtained from a melt in which the crucible has 
badly deformed owing to its semi-fusion* 

The specimens in Group C f 41 Billets/ 1 are definitely forged into 
more or less rectangular section, and from their individual weighty 
ranging from | to 4 A ozs., might dearly have been derived from 
ingots such ns those in Group A, passing, no doubt s through the 
stage represented by Group EL 

The smaller specimens represented by sub-Groups C.2, 3 and 4 
are rather more regular in shape than the larger ones m Cl* Again 
adopting Lite nomenclature of Lhc steel industry* the specimens 
in Croup C.l arc conveniently described as “ billets/ 1 and those 
in Groups C*2, £J and 4 m li forgings/ 1 A few of the specimens, 
such asNoSh 12/C.I-l, 13/G.1-2, 14/C.1-3 and 15/CLI-4, are thinned 
out at one end, indicating that a portion of the.se specimens has 
been forged down to some smaller section and parted off. 

Specimen No. 20/C. 1-9 is rather different from the rest. It has 
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a truly square section and is fractured at each end; in fact, on seeing 
it one cannot escape the idea that it may have been broken from 
a manufactured sled or iron bar. Clearly this does not fit in with 
Faraday’s regular procedure in dealing with his materials after 
melting. He must, on the other hand, have had available plain or 
ordinary carbon steel or iron for use as the raw material in the 
making of his alloys. It must be borne in mind that Faraday 
speaks of his experiments as relating to “ Steel and Alloys ” 
as if the base material of his experiments in certain cases was steel 
to which special elements were added and in other cases wrought 
iron was the basis, although only a small number of these are 
found in the present collection. The size and form represented 
by this Specimen No. 20/C.1-0 would further be very convenient 
for packing into the small crucibles used. The possibility that 
this specimen represents the steel or iron base used in Faraday's 
experiments on alloy steels has, therefore, been sjiechllv con¬ 
sidered later in connection with the results of the metallurgical 
examination. 

As regards the specimens of Group D, “ liars, 11 although these are 
forged bars similar to those in Group C, they are somewhat more 
regular in their rectangular section, and are distinguished by 
having one or more sides polished. These seem undoubtedly to 
represent some of Faraday’s attempts in the direction of obtaining 
alloys suitable for mirrors. The excellence of the mirror polish 
oi Specimen 39/D.12 was, in fact, particularly noticeable, specially 
too, in view of its having been retained over such a long period of 
time. It must be remembered that Faraday’s specimens were 
probably stored in a dry atmosphere free from moisture and 
therefore not severely tested. Undoubtedly, at any rate as regards 
Faraday's seventy-nine specimens now described, none of these 
is rust resisting in the true sense of the term. 

Prior to the investigation of the specimens as a whole, one was 
originally selected from the contents of the box for a preliminary 
examination. This specimen, like No. 39/D. 12, had a high mirror 
polish on one side, and was closely similar in its cross-sectional 
dimensions. It was therefore included in Group D under the group 
number D, 12.13, and the Hadfidd research number 89.13. 

Specimen No. 28/D.l, containing 1-59 per cent. C. and 2-38 per 
cent. Cr., calls for particular comment, its two polished and adjoin¬ 
ing faces being most bcnuLifully coloured in a graduation of iride¬ 
scent tints from blue through purple to a straw colour. The author 
will Imve occasion to refer to th is specimen in more detail later. 

Passing into Group E, Section II., represented by Plate XXX, 
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a new feature in the form of the specimens appears, that is, this 
group comprises specimens which have been prepared to certain 
uniform sizes. The whole of the nineteen pieces in sub-Groups 
E.l and E.2 are all, within close limits, 3atl X l a I0 X 0 55 cm. 
in. dimensions, and have flat surfaces and squared-off ends. The 
purpose served by these specimens is not readily dear. They may 
have been blanks for a cutting tool of some kind, for example, 
a razor or knife blade, with which to determine the practical 
cutting qualities of the various alloys* 

Specimen No. 70/G,l-l, to he referred to later, seems to be a 
knife blade, probably intended for such a purpose. It would 
hardly, however, seem necessary for the production of this knife or 
razor blade to prepare the blanks in such a precise form as that 
represented by the specimens in sub-Groups E.l and 2. These 
specimens would rather seem to have been utilised as a standardised 
form of test-piece for closer comparison of the effect of u particular 
operation* say, heat treatments of different kinds, on the various 
alloys. While undoubtedly they must have been prepared to size 
after forging, by mechanical preparation of the surface, say, by 
filing or grinding, some form of heat treatment was evidently 
applied, giving them their present 11 black 51 surface* 

An additional feature of these pieces is that there are notches 
cut into one end, varying from one to three In number in much 
the same way as nowadays we mark test specimens to indicate 
differences either in composition or heat or other treatments. 
This feature proved useful as a further means of classification, as 
shown both by Ptate XXX. and Table IL Reference to it will 
again be made later* as its possible significance could naturally 
only be fully discussed after chemical and physical examination 
of the specimens was used by the author as a means of dis¬ 
tinguishing between the specimens of I bis Group E, 

Special note was naturally taken of the presence of any other 
marks on the specimens which might be of significance, these will 
be found and entered in Table II. As will be seen later on some of 
these marks by Faraday are of considerable interest* Of quite 
frequent occurrence was the mark 11 P 11 incorporated with the 
alchemists symbol for iron, thus (*y* The presence of tills mark 
on the specimens of sub-Group E. I was used by the author as a 
means of separating them from those of sub-Gmup E. 2 which bore 
no such marks. With the substitution of the letter R w for ( T t " 
Specimen No, 25/C.8-1, it will be seen, also bears this mark. These 
signs indicated the presence of Platinum or Rhodium. 

To continue with Group E, the three specimens comprising 
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Sub-Group E.3 are similar in form to those of E.I and E.2, but 
they have irregular fractured ends. By squaring off these ends 
they could be brought to similar form, and it seems a fair inference 
that they are therefore unfinished pieces. They arc of the same 
kind, but in a less finished form. 

While having the same characteristic of being prepared in a 
uniform size, and Lherefore probably representing some form of 
test-piece, the specimens in Group E.4 have not the same dimen¬ 
sions as the earlier ones of Group E„ They arc approximately 
cubical in shape, being 1 + 10 cm- square in section, with fractured 
ends, the length being approximately the same as the sectional 
dimensions. 

Group F contains three specimens labelled “Crude Steel fmm the 
Blast Furnace !t in handwriting, which is that of Faraday. These 
are of quite a different character from any of the others in the 
collection* In cross section they are each 3-10 x l r 20 cm** mid 
they have evidently been fractured from a rectangular bar of tins 
size. Their unwrought surface would further seem to indicate 
that they are fmm material melted direct in Faraday’s “ blast 
furnace and east in a mould of this section. The labels on two 
of the pieces p Nos. 68/F. 2 and 69/T\3, bear the additional word 
11 annealed* 3 * 

In the final Group G arc included the remaining nine specimens; 
each of these is individual and not classifiable by its form into any 
of the previous groups. 

Reference has already been made to Specimen 70 G.l-1, which is 
in fact specially interesting, since IL is definitely recognisable as 
a knife blank, the smaller end, which is taper in cross section* 
forming the blade, and the wider end constituting the tang* which 
w p ould be fitted into the handle. Tills specimen Ixsides bearing the 

“ Stoij 

mark has stamped on it the additional word L vRT ^ m two 

separate parts as shown, a fact which naturally adds additional 
interest* indicating as it does w p ithin the zodiac sign for iron the 
presence of platinum, also the important fact that the maker of 
this knife blade was Stodart, the associate of Faraday in his 
original researches on “ steel and alloys/ 1 

Specimen No* 71/G.1-2, being also of taper cross section* appears 
likely to have formed part of a blank intended for some form of 
cutting tool, And is therefore included with the previous specimen 
in a special group—G.l. This specimen was, in addition, highly 
polished over a portion of its surface, 

Sub-Group G.2 comprises four very small specimens, one of 
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which, Nq* 78/G.E-2, is perforated with small holes in the manner 
of a wortle pbite, such as used for wire drawing* and may con¬ 
ceivably have been intended for this purpose. 

Specimen No. 76/G.B is a complete and welt-finished instrument, 
the purpose of which, in the absence of any record, is difficult to 
decide* It is in two parts, the spear head and shaft being of steel 
or iron and fitting by a spring catch into a milled holder, which is 
of brass. It might be described as a f * harpoon” on a small scale* 

The collection is completed by two small paper packets, Nos. 
77/G.4-1 and 78/0,4-2. They each contain a small quantity, 
weighing only 0E0 grain, of line powder, which is not attracted by 
the magnet* On each of the paper wrappings there is handwriting 
which is difficult to decipher, but apparently rends M PJatina no 
moment.” 


ClUCL-MSTANCES AFFECTING TlfE CHOICE OF METHODS OF 

Examination 

Most careful consideration as to the manner in which the 
examination ol this collection of specimens should be carried out 
was necessary, first, not only because of their importance as relics, 
but also because of the limited amount of material available. At 
tin? same time, there was practically nothing to guide investigation 
apart from such clues as had been obtained as the result of the 
preceding classification. Thus the problem presented was specially 
difficult us except in so far as certain poin ts of similarity or connec¬ 
tion between the different specimens might appear during the 
progress of the chemical and physical examination, nothing short of 
complete invesLigatii»ii of each individual specimen, both us regards 
it'- composition and physical condition* seemed satisfactory* 

Physical characteristics could obviously convey little without 
reference to analysis, without which, in fact* not much real know¬ 
ledge could lie obtained* The determination of chemical composi¬ 
tion was therefore regarded as first in importance, specially, too, as 
it was desired if possible to connect the present specimens with 
Faraday s own records of his experiments in the ailovmg of iron 
and steeh 

It was thought the best way to proceed was to make a prelimi¬ 
nary examination of one only of the specimens* This, as mentioned, 
was undertaken on No* 3ELB/DA2JL 

The work on this specimen was taken in hand on November 27th e 
l!)30 t and after some delays arising from the difficulties of tlm 
unusual work;, the analysis was completed on December 15th 
following. Fortunately this* the first specimen selected for 
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examination, contained the unusual metal which might have been 
least expected to be present in steel, namely, platinum. Thus 
this fortunate “ find ” straightaway gave encouragement to all 
those concerned that important and interesting results were likely 
to he obtained from the research, as has proved to be the case. 

Methods of Investigation 

(a) Specimen _Yo. S9J1/D,1I,6. — The fractured ends of this 
specimen, which is 11 X 44 mm. in section and 14 mm. long, 
indicated that it had hern broken from a longer bar. while one of 
the 14 X 11 mm. faces still retained a mirror polish. 

Even more care and consideration as to its economical use was 
imposed in the present case than for the majority of the specimens, 
the weight being only GOfii; grams. 

Examination of the polished face under the microscope at low 
magnification showed a high degree of Finish in the centre, but 
scratches on the edges of the surface were so straight and pa:allot 
to each other as to render the conclusion fairly certain that the 
polish had been produced by machine and not by hand. The 
greater part of the polished surface was free from blemish, but 
there were small patches on which corrosion had taken place. 

That this particular specimen, at any rale, could not be one of 
those containing any specially high percentage of a heavy precious 
metal, such as platinum or rhodium, was indicated by the result, 
of the specific gravity determination, which was made on the 
piece as a whole and gave the figure of 7-81. 

The hardness in Brincll numbers, as determined by the diamond 
pyramid, was T5G on the polished face and 733 on the back of the 
specimen. Consistently with this the hardness of the specimen 
on Mohs’ scale was found to be 7A and unlilcablc, and it would also 
scratch glass. For t lie met allngraphic exan i i nation which f< >] lowed, 
one of the surfaces was prepared without cutting into the specimen. 
The microstructure displayed, and shown in photomicros Figs. 
PM.15 to PM.1U, was acicular trnosto-martensitic with some 
austenite, and characteristic of a drastically quenched steel, The 
hard character of the specimen was rather fortunate than other¬ 
wise in connection with the chemical analysis, because although 
preventing its being drilled, it enabled a sample to be obtained more 
readily by pounding and In a less wasteful wav. 

The first chemical determination was made for carbon, This 
was carried out on a weight of 0-5 gram by combustion with 
measurement of the volume of carbon dioxide produced. 

On a furl her weight of 0 !i7 to 0-28 gram determinations of iron 
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were nest made in duplicate by solution in dilute sulphuric add t 
removal of metals precipitated by passing hydrogen sulphide and 
Tilt ration, further reduction by gass ing once more, boiling off the 
HrjS, cooling and titrating with a standard solution of potassium 

permanganate. 

The washed I Li? precipitate, after ignition, was weighed, anil on 
examination proved to consist chiefly of platinum. On a further 
portion of 1 gtam silicon and platinum were determined 
quantitatively. 

Manganese was determined upon an additional 01 gram, also 
sulphur and phosphorus successively on the same quantity of 
2 5 grams. Tests made for chromium and nickel show that the 
specimen contained neither of these metals. These estimations 
required 0-5 and 0-25 gram respectively* 

Thus the total amount of sample used in the analysis was 
5 41 grams, and it had been found possible to determine not only 
the composition, but the more important of the metallurgical 
features in the specimen with an expenditure of material of less 
than one quarter of an ounce. 

Thus the practicability of obtaining useful information upon a 
wide range of properties with a very limited supply of material 
was demonstrated by the examination of this specimen, and the 
method of procedure adopted in this ease proved generally applic¬ 
able to the examination of the whole collection of Faraday 
specimens. 

The results of the examination of this fust specimen in showing 
that it contained platinum, and therefore entirely confirming that 
Faraday had definitely used several of the noble metals in making 
his experiments, were very encouraging. The results also bore 
evidence of Faraday 1 * work in the heat treatment and manipula¬ 
tion of his alloys as shown by the state of polish and th e hardness 
(d the specimen. Work was Idler afore continued on the investi¬ 
gation of the remaining specimens. For convenience this work 
is described under separate heads, according to the method of 
examination, as follows ;—- 

{b) Chemical Analysis. —In addition to the interest always 
attached to a search into the unknow n, the greater one afforded by 
this research in its requiring the breaking of new ground in the 
methods of analysis has provided one of the most interesting 
series of problems ever undertaken by the author’s chemical staff, 
who showed great interest in this matter, devoting themselves 
heart and soul to these investigations of the great philosopher’s 
earliest research work, for this it undoubtedly was- 
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One of the tis&in difficulties experienced was in the need for 
constant care to ensure economy in the use of material. Plate 
XXXI, and the following data will show how efforts in this direction 
were successful:— 

Specimens IktoTnimtiom Weight nf 

Analysed* Mode. DriLU ngs Used- 

60 134 1ST grams 

The number of individual analyses for the separate elements Is 
set out in the following table :— 


Table IV 


Xt-MUER of Analyses made on the 70 Specimens of 
Fajladay's 11 Steel and Alloys ! ’ 


Details of the number of different elements making up the total of 
451 analysts carried out: — 

Check 

Analyses. TutaJ. 


Carbon ++ 

, 57 

1 

5S 

Siliron 

. 4& 

- 

m 

Sulphur . 

$ 

2 

10 

Phosphorus 

* 12 

2 

14 

Manganese 

. £2 

4 

£6 

Chromium 

. 10 

I 

11 

Nickel 

. £0 

— 

£0 

Copper 

* 14 

1 

15 

Flat ilium 

+ ti 2 

5 

35 

Silver 

* 20 

S 

29 

Rhodium 

7 

4 

11 

Gold 

. L7 

— 

17 

Precious Metals 

. 27 

— 

27 

Iron 

* 57 

5fi 

US 

Total 

, 557 

77 

431 


Weight of drillings, portions of these are still available, from which 
the 434 chemical analyses were made, 187 grams (0 J ozs,). 


The individual quantities of drillings used for each of the 
determinations were as follows :— 


Sulphur . * 2 50 grams. 

SUlettft . * I -(30 grunt. 

Chromium . 1 “0(1 „ 

t'nppcr . . 1“(XI „ 

1-In muni, golth On the idtietm pyr* 
rhodium, and than af 1 (tram, 
other rare 

tnrlflU . 

(juLmn . - 0-50 gram. 


PfroapbaraH 


Iron 

Silver 

Nickel 

Manganese 


Either on the Idtrule 
from the fuilplmr 
or f ur lieu done 
KcjuiruLcly, ulkiul 
O j grnm T 
0-27 gram. 

0-*o „ 

Ih25 „ 

l>ID .. 


(Note.—I gram 0 04 era. approx. 26-85 grams = \ ql) 
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These and the total amount of drillings used for nil the estima¬ 
tions, arc shown pictomlly in Plate XXXI. 

Although the weights used in tiie analyses were necessarily cut 
down to the smallest possible amount, a high standard of accuracy 
has been maintained. 

Probably the most important problem which had to be solved 
w as that of ascertaining the most suitable method for determining 
the bon as the predominant metal present* The ordinary direct 
method of solution of the sample in dilute sulphuric acid, followed 
by titration of the ferrous solution with standard potassium 
permanganate, gave low results with some of the platinum steels, 
leaving a deficit of 3 or 1 per cent, in the analysis, making a very 
pronounced obstacle in the progress of the analytical work, and 
giving rise Lo much anxiety until a solution of the problem was 
found* Eventually the difficulty was removed by the method 
described below * 

Chemical analysis in a number of cases was preceded by a 
metallogrsphic investigation- Indications were fhm afforded of 
the approximate carbon percentage, of abnormal proportions of 
sulphur as in the ease of the specimens of Group F and of the 
metallurgical nature of the material giving valuable guidance in 
deciding the course to be pursued in the analysis. Some useful 
help in the same direction was also obtained from speetrographic 
examination* 

Usually samples for analysis were obtained by drOling. Such a 
method had the merit of preserving the external contour of the 
specimen, ns well as any significance which may be Attached 
thereto. Where this was not expedient, whether owing to the 
hardness of the material, °r extreme limitation in the amount of 
material available or other causes, the sample was prepared by 
pounding in a steel mortar, portions of the material which had 
previously served for micrographic or other examination being in 
some eases utilised* 

i In general, the method adopt ed was to determine the proportion 
of carbon and of iron, the two elements known to be present in 
every case. The sum of these, by the amount of iLs deficiency 
from 1Q0 percent,, could, subject to the considerations mentioned 
hclow r be taken as an indication of the amount of other elements 
to be looked for. 

Iron* —Many useful indications as to other elements were 
afforded in its course by the determination of iron. The method 
adopted was to attack about (F27 gram, weighed to the nearest 
■0001 gram, with dilute sulphuric acid, gently boiling. When 
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PLATE XXXI 
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visible action liad ceased Lbt: liquor was inspected. Ulucrk iiisulublc 
floating matter indicated carbon. There was, however, in many 
eases an appreciable quantity of a heavy residue. At this stage 

N 

the liquor was cooled and titrated with ~ permanganate, of whin 1 1 

SO 

slit! quantity consumed gave a rough measure of the iron content. 

In certain crimes the end point was evanescent; this at once 
indicated that some other element was present and acting slowly, 
A slight excess of permanganate was added until on boiling a 
permanent precipitate of manganese peroxide was formed. The 
solution was next diluted so that it contained 8 c,c, of the sulphuric 
acid of sp* gr. I 8 in a total volume of 400 c.c. Hydrogen sulphide 
was then passed in to saturations and the liquor heated and allowed 
to simmer for two minutes. It was then cooled 1, filtered and was bed 
with 2 per cent, sulphuric acid containing I US, 

The cold solution was again saturated with IUS t boiled free 

N 

from the gas and cooled and Litratcd with — permanganate. The 

residue upon the filter was ignited and weighed, and afterwards 
examined for iron by extraction with hydrochloric acid and 
application of the sulphocyanidc test. The amount thus deter¬ 
mined, if FLiiv, w i ls added to the main proportion determined in 
the second titration with permanganate, thus giving the total 
percentage of iron. 

In every case the iron de termination was made in duplicate* 

* . N 

Since 0 2T gram weight of sample was taken* the quality of — 

jjcrniaiigaiiaLc required was nearly 100 c.c. In these circum¬ 
stances a discrepancy of 0 t I or 0-2 c„c. represents an uncertainty 
of 0-1 or 0-2 per cent* ill the iron figure. 

Thus the figure for iron is subject to a greater percentage error 
than that for any one of the other elements, hut nevertheless its 
accuracy was obviously sufficient to preclude the missing of any 
significant amount of special alloying metal when the total of all 
elements found exceeded, say, 996 per cent. This was nearly 
always the case, and in view of the fact that direct tests were made 
to prove the absence of other dements than those actually found 
and determined* it is seen that the concordant testimony ot the 
two Hues of evidence is sufficiently conclusive to establish the 
substantial accuracy of the analyses. 

The precipitate filtered off after adding hydrogen sulphide, 
including the portion originally insoluble in the sulphuric acid, 
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disclosed by iU examination in different samples tin* metals 
copper, goldj silver, platinum and rhodium. Although testa were 
made for palladium, astniuiu and iridium , also tin, none of these 
metals was found. 

After ignition the weight of the precipitate just mentioned would 
roughly indicate the total quantity of the metals referred to except 
in the ease of copper, which would be weighed as oxide. It may 
be seen therefore that with determinations of iron in duplicate, also 
of carbon nn 05 gram, a total Weight of very little more than 1 gram 
was made to yield a large amount of information. 

Carbon .—The percentage of this most important element was 
determined on a weight of sample of Q-5 grain by the process of 
combustion in oxygen, through measurement of the carbon dioxide 
produced. 

Silicon .—Only slight complication in the usual method for the 
estimation of silicon was caused by the presence of noble metals, A 
quantity of 1 gram was attacked with hydrochloric acid until 
action had ceased. On addition of a few drops of nitric acid the 
previously insoluble residue of gold, silver* platinum and rhodium, 
if any, was rapidly dissolved* The solution was then evaporated 
to dryness, heated on the hot-plate, redissolved in hydrochloric 
acid and filtered, the residue washed, ignited and weighed in a 
platinum crucible. After weighing, a Little hydrofluoric acid was 
added to the contents of the crucible and Lite latter evaporated Lo 
dryness, and weighed again. The loss represented silica, from which 
.silicon was calculated in the usual way. The residue and the id' 
trate were reserved for the determination of the precious metals. 

J /a ngckii £$?. —The proportion of manganese in steel is, as is well 
known, nowadays recognised as being of considerable importance, 
and its amount was therefore determined in representative members 
of each group. For this purpose a weight of OT gram was taken 
and dissolved in dilute nitric acid* the manganese being oxidised 
with ammonium persulphate in the presence of silver nitrate and 
t he resulting permanganate titrated with sodium arauite. Usually 
the permanganate colour prtiduced by the oxidation was so slight 
as to make titration unnecessary, there obviously being present only 
traces. The highest amount of manganese found in any specimen 
was only G r GS per cent. Thus the metal manganese in Faraday 8 s 
44 steel and alloys Sf might be termed practically absent. 

Special Elements. —The amount of any special elements which 
might he present in the specimens naturally constituted the chief 
object and i ntere&t fron i the analytical poi n t o f view. The methods 
employed for their determination were as follows 
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Ch ™ m in m .—The analy l iest methc >ds in connection wi Lh cferomiu 111 
steels arc now well known, and therefore only a brief indication is 
necessary m this ease. One gram of the alloy was dissolved in 
sulphuric acid, oxidised with nitric acid, boiled, diluted, and the 
chromium oxidised with potassium permanganate in the usual 
way. The oxide of manganese was removed by nitration through 
asbestos, the solution being titrated with standard solutions of 
ferrous sulphate and potassium permanganate. 

Nickel with Detection at the same time of jig md Cm. — For this 
estimation a weight of 0 25 gram was dissolved in hydrochloric 
acid oxidised with nitric acid, diluted, tartaric acid added and the 
solution neutralised with ammonia* with the addition of the equiva¬ 
lent of 1 c.c. ammonia ( S80 sp. gr.) in excess. The solution was 
cooled, and 2 e.c« of 2 percent, potassium iodide added. 

Where silver was present this was evidenced by a turbidity 
caused by silver iodide. In anyca.se the solution was then titrated 
with standard solutions of potassium cyanide and silver nitrate. 
The nt1 consumption of potassium cyanide was equivalent to any 
silver, copper and nickel present* 

About 01 gram sodium peroxide was added to the titrated 
solution to decompose cyanides, followed by addition of 5 c.c* of 
1 per cent, alcoholic sol Lit ton of dimethylgly oxime. The liquor was 
next brought to boiling and allowed to cool. The presence of 
nickel was indicated even in the presence of silver iodide by the 
characteristic scarlet precipitate. 

It in tbU way more than a trace of nickel was revealed a separate 
dvL rniiuaiion was carried out in which the copper and silver were 
first precipitated by hydrogen sulphide, the solution filtered and Ike 
filtrate freed from H r S and concentrated by boiling:* After 
oxidation with a few drops of nitric acid, tartaric acid was added, 
the solution was made axmnoni&c&b patsssuim iodide added and 
titration made with potassium cyanide and silver nitrate, 

A very delicate indication is afforded by the turbidity above 
mentioned p ie., due to silver iodide. In the conditions stated one 
N 

drop of — silver nitmte solution containing about ‘0001 gram of 
* SO 

silver produces a quite appreciable turbidity* Detection is thus 
effected of any silver over Od per cent. 

Platinum, fihodium r Gold, Silver.— The filtrate and residue 
reserved from the silieou estimation were used to determine the 
precious metab* The residue, if any T was easily removed from the 
crucible and was washed into the main filtrate, which was made 
slightly alkaline with ammonia and then aeid with dilute sulphuric 
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acid so m to contain 2 per cent. of free acid* us in the iron deter¬ 
mination* Hydrogen sulphide was passed, into saturation, the 
liquor filtered and the precipitate washed. The filtrate was again 
neutralised* made faintly acid and gassed once more. A further 
precipitate was produced here if rhodium was present. When 
hydrogen sulphide produced no further prceipiLate the was lied 
sulphide* were ignited at about SOO 7 C. The subsequent treatment 
depended on whether* as described under the titration of nickel 
silver was or was noL Found to be present* In the absence of silver 
the ignited precipitate was extracted with hut hydrochloric 
acid to remove any copper oxide and any traces of FcgO^ and the 
cleaned metal filtered t ignited and weighed in a porcelain crucible* 

The metals were extracted with dilute aqua rcgia s platinum and 
gold dissolving* The insoluble metal t if any, was filtered olT p ignited, 
reduced in hydrogen, weighed and identified as rhodium by fusion 
with potassium hydrogen sulphate solution in water, the character¬ 
istic ml coloration being produced by addition of hydrochloric acid* 

The dill ere ace in weight after aqua regia treatment, and where 
rhodium was present was never more than ti-Gon 5 gram* thus prov¬ 
ing the absence of platinum and gold- 

In the other cases complete solution was effected by the aqua 
regia. This solution was evaporated with hydrochloric acid to 
remove nitric acid, and ammonium chloride added. Ammonium 
platinic chloride was precipitated if platinum w r m present, and 
in such cases the filtrate from this was tested for gold with stannous 
chloride. No purple coloration was ever found. 

On the other hand + where the absence of platinum was shown 
by no precipitation with ammonium chloride, the purple colora¬ 
tion known as Purple of Cassius was invariably produced on addi¬ 
tion of stannous chloride. Thus the material soluble in aqua regia 
was either platinum or gold, but nol both. Indication of the 
presence uf gold was given by the ignited M 2 S precipitate after 
the removal of base metals, its colour in these circumstances being 
brown. 

In the presence of silver the gently ignited metals were extracted 
with nitric acid, to remove the silver and copper oxide* washed 
with water and then extracted with hydrochloric acid. The two 
acid extractions were combined and evaporated to dryness, 
moistened with one drop of hydrocldorie acid and diluted to 10 c.c., 
and the small precipitate of silver chloride filtered off, dissolved in 
ammo nia and titrated with potassium cyanide and .silver nitrate* 
As described below examination for copper was made on the filtrate 
from the silver chloride. 
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The remaining metals free from silver were then ignited and 
weighed, and extracted with dilute aqua regia as above. 

Tests for other Noble Metals .—The ignited hydrogen sulphide 
precipitate, as described above, was treated with aqua regia. Any 
platinum was, of course, dissolved. As under some circumstances 
iridium, when present with a large excess of platinum, may be taken 
into solution by aqua regia it was necessary to take this into 
consideration. The precipitate produced by ammonium chloride, 
however, was always found to be of the pure yellow colour of 
ammonium platinic chloride. Had there been any iridium present 
this would have been reddened. The metal insoluble in aqua 
regia on fusion with potassium bisulphite yielded in all eases 
a material completely soluble in water. Here also, therefore, 
iridium was ruled out. 

In the east- where hydrogen sulphide gave a precipitate it will 
have been noticed that this was always accounted for by metals 
other than iridium and osmium, which is always associated with 
iridium. 

To test for palladium the weighed metallic residue obtained by 
ignition of the purilled H.S precipitate was treated with aqua regia, 
and the solution freed from nitric acid by evaporation with hydro¬ 
chloric acid. After dilution potassium iodide was added. The 
absence of a black flocculent precipitate proved Lhat no palladium 
was present. 

Cupper .— Material was afforded for the determination of copper 
by the analysis of the hydrogen sulphide precipitate obtained 
during the examination of a 1 gram portion for precious metals, 
ns described above. 

After removal of any silver from the acid soluble portion of the 
ignited precipitate, the solution containing copper, if present, was 
freed from trails of ferric oxide by ammonia and filtration, made 
acid with acetic acid, treated with potassium iodide and the 
liberated iodine titrated with sodium thiosulphate. 

In two of the alloys, Nos. 9&[Djg and 84/D-7, large quantities of 
copper were indicated during the examination of the 11,8 precipi¬ 
tate obtained in the determination or iron. The actual amounts 
were determined by dissolving l gram of the alloy in dilute 
sulphuric acid, precipitating with sodium thiosulphate in the 
boiling solution, filtering, igniting and removing traces of iron. 
From this point the procedure was as from the corresponding stage 
in the method just described. 

Sulphur ami Phosphorus.— It was important to ascertain the 
proportion of sulphur and phosphorus, at any rate in a few typieo) 

r.K, « 
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coses. in order to obtain evidence as to the nature of the material 
used by Faraday os the base of these alloys. 

Additional reasons led to the examination of Specimen No. 68/F.2 
for sulphur. The metal logruphic examination of this specimen 
showed the presence of sulphides in very large amounts, which 
suggested the reason for the considerable deficiency in the surn of 
the carbon and iron jjercentages, not in this ease accounted for by 
the presence of other metals. Specimen No. 68 F.2 was, in fact, 
found to contain 1-76 per cent, of sulphur, with similar proportions 
in Nos. 67/F.l and 69/F.3. 

Sulphur .—The methods employed for sulphur differed according 
to circumstances, but were in all eases proved to be unaffected 
by the presence of the noble metals. 

In the more usual case where the sulphur content was normal 
ill amount a quantity of 2*5 grams was dissolved in aqua regia, 
nitric acid removed by evaporation with hydrochloric acid, then 
silica rendered insoluble and filtered off and the filtrate evaporated 
until a skin of Crystals was formed ou the surface. This was just 
redissolved and 4 e.c. of hydrochloric arid added in excess. The 
solution was diluted to 76 c.c.; barium chloride was then added to 
precipitate the sulphur. The precipitate was allowed to settle 
overnight and whs then filtered, washed, ignited and weighed as 
barium sulphate. By a control test the amount of barium sulphate 
derived from the reagents was determined and deducted. 

Where the sulphur content was abnormal as in the ease of 
Specimens Nos. 67/F.l, 68/F.2 and 69.1.3, it was evolved as 
hydrogen sulphide and absorbed in cadmium acetate solution. 
The sulphide in this solution was then titrated with standard 
iodine and thiosulphate solutions. 0*5 gram of fin* sample was 
mixed with 5 grams of a steel containing a known proportion of 
sulphur. This ensured the volume of hydrogen requisite to carry 
forward the II*S, which was passed in series through two columns 
of cadmium acetate. 

J^iosphonts. lor this estimation the filtrate from the barium 
sulphate in the gravimetric determination of sulphur w*as used. 
A slight excess of sulphuric arid was added to precipitate the excess 
of barium, the solution diluted to 256 c.c. filtered, and 200 e.e, of 
the clear solution collected. This was evaporated to about 70 c.c., 
ammonia added in slight excess, arid the precipitate redissolved in 
nitric acid. The phosphorus was then precipitated with ammo* 
n i i mi nitronlolyhdate reagent. The yellow predpitatc was filtered, 
washed and titrated with standard sodium hydroxide in excess, 
and sulphuric arid, using as indicator phenolphthnlem. 
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The purpose of the phosphorus determination was in certain 
cases to reinforce the evidence from metallographic examination. 
As in these easts the material resembled wrought iron, a weight 
of 0-5 gram was used. This was dissolved in aquu regia, evaporated 
and the residue heated to convert the phosphorus to ortho¬ 
phosphate, redissolved in hydrochloric acid, and the silica removed 
by filtration- Ammonia in excess was added to the Hit rate* 
followed by nitric acid, the acidity adjusted* and precipitation 
made with ammonium nitro-molybdnte solution. The remaining 
operations were as described above. 

Special Feature# observed during Chemical AadyxU *—With 
alloys of such unusual compositions as found among these speci¬ 
mens* it is natural that quite special features should be observed 
during the course iif tin chemical analysis, it may therefore hi- 
of interest to describe some of these. 

All the alloys were readily soluble in aqua regia* and on addition 
of hydrochloric acid those containing plaLmum, rhodium or gold 
were quickly attacked, such insoluble residue as remained being 
easily brought into solution by the addition of nitric add* 

Confirming Faraday's own observations, the effect of dilute 
sulphuric acid on the alloys containing platinum was very striking. 
\s is well known, with the addition of one volume of strong 
sulphuric acid to six volumes of water considerahh* heat is evolved. 
By allowing 100 ex. of this warm dilute avid 1 1 ■ act upon 0*27 gram 
of any of the alloys containing platinum, the metal was instantly 
attacked, leaving after only a few .seconds merely n small residue. 
The alloys containing rhodium ur gold, none of which contained 
platinum, did not behave in this remarkable way, the behaviour 
being peculiar to the platinum alloys* 

Nevertheless* some interesting features wore presented in the 
examination of the alloys containing rhodium. Although the 
metal itself is insoluble in aqua regia* those of the present alloys 
which contained rhodium* in fact, all the alloys, as stated above, 
proved to be easily soluble. 

Special treatment was required for the removal of rhodium from 
a solution containing free sulphuric acid by means of hydrogen 
sulphide. The complete precipitation uf the rhodium vrm only 
achieved by the addition of ammonia to the sulphuric aeid solution 
saturated with H r S, until a considerable quantity of ferrous 
sulphide w as precipitated* this being just dissolved by the addition 
of dilute sulphuric aeid. The whole of the rhodium was precipi¬ 
tated on again saturating with H t S. 

A characteristic appearance was presented by the noble metals 


Table V 

Chemical Analyeit {per cent.) of the Specimens Arranged in Groups 
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Tawlic V (continued) 

C itcmical Avoh/sis (per cent,) of the Specimens Arranged in Gcoups 
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derived from the ignited precipitated after the co-pnx ipitalvil 
iron* copper, etc. had been removed. The platinum was grey, 
rhodium greyish-black, and gold earthy brown. On rt ignition 
the gold assumed its familiar lustre. 

A Study of the Analytical Data .—In Table V, the analytical data 
thus obtained are completely recorded, the specimens lie re being 
plated in their serial order. While the principle was as stated to 
analyse, where possible, the majority of the specimens for carbon, 

Table VI 


Specific Gravity 


HulJltM Hu^N&HTrli 
VijnlInt. 

■itxMlJi Nunihrr. 

Sp^'liiMiwrlTT. 

anE 

D. liB 

7 3\ 

42 

K. 1-2 

7-8'j 

u 

B. 1-1 

7-711 

45 

E. 1-5 

7 -m 

46 

B. 1-0 

7B4 

48 

B. 1-8 

7-84 

m 

B. 2-1 

7<m 

51 

B. 2-3 

7’7U 

52 

B. 2- \ 

7-70 

54 

B. 2-tI 

7*80 

55 

E. 2-7 

7 80 

til* 

E, a 3 

7*86 

oa 

FI 4 1 

7*81 

64 

E. 4-2 

7*81 

65 

E. 4^-a 

7-81 

66 

E. 4-4 

7’75 

76 

G. l-l 

7-83 

72 

G. 2-1 

7*71t 

13 

G. 2-2 

7-58 

74 

g. 2-3 

779 

75 

G. 2-1 

TOT 


irun and any special elements found present, the necessity nr other¬ 
wise for estimation of other elements was decided from a study of 
lhe results as they were obtained during the course of the investiga¬ 
tion. This will be made more clear m the comments upon the 
resu Its generally. The defin ite association of the marks ©"" and (§r* 
with a platinum or rhodium content made it reasonably certain 
that the whole of the specimens of Group E,1 contained platinum, 
since each of these bure the first of these marks. It was therefore 
felt that Specimens Nos. 4 + 2/E.L2 t 44/H.I-4* and J5/EJU5 could 
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with advantage, and on this assumption, be allowed to remain in 
their original condition. The only possibility seemed to be that 
these specimens might contain some considerable percentage 
of platinum greater than that found in Nos. 41/E. 1-1, 48/E. 1-3, 
46/E. 1-8 and 47/E, 1-7. namely, about 1 per cent. This was safe¬ 
guarded by the entirely non-destructive determination of specific 
gravity, which was made on as many of the pieces in the collection 
as lent themselves to it, as shown in Table VI. The low figures 
obtained exclude, as will be seen, any such possibility whether as 
regards the remaining specimens of Group E.l or any others not 
chemically analysed. 

In view of the very small size of the specimens of Groups E.4 
and G.2, it was thought that these could not profitably be investi¬ 
gated much further. 

The absence of the special marking referred to naturally does 
not preclude the presence of platinum or rhodium, nor, of course, of 
other elements. As regards the specimens of Group E.2, however, 
since none of the seven analysed specimens contains anv special 
additions, it can reasonably be inferred that of the remaining four, 
namely. Nos. 49/EJM, 51/E.2-3, 52/E. 2-4 and M/E.2-7, none is 
alloyed to any appreciable extent, that is, even beluiv a percentage 
which might sensibly affect a specific gravity determination. 

In Table VII. the specimens have for clearer studv been reclassi¬ 
fied, the alloys being separated from the carbon steels and irons, 
and grouped according to the alloying metal; the sections are: 
(1) Carbon Steels and Irons, (2) Binary- Steel Alloys, (3) Ternary 
Steel Alloys. 

As regards Uicir carbon content, it is specially noticeable that 
the specimens divide themselves into two categories. There are 
first those with low carbon, of which there are four, namely 
Nos 57/E.2-0, M/E.3-10, 28/C.S-S and 31/D.4, among those 
analysed. These range from -07 to -24 per cent. The remaining 
u(>, although varying considerably in their carbon content, may all 
be classed as high, 20 range from S4 to 1-15 per cent., and 26 from 
103 to l-a9 per cent. Owing to the special character of the 
crude steel specimens of Group F these arc for the moment 
excluded. 

Two of the specimens, Nos. 17/C.1-6 and 24/C.2-4, show by 
analysis 0 61 and 0-65 per cent, of carbon respectively. In these 
cases there is a definite explanation for the comparative!v low 
values, since it subsequently proved under micro examination that 
the surfaces of these pieces were decarburised. The drillings 
hereto re incl udtd both low* carbon material upon the surface 
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TAllLfc VII 
(Section 1) 


Chemical Composition.* of the Carbon Steel# and Irons 


HndftaLd 

Research 

Number. 

ilraup 

Mark, 

c + 

C/ 

JD 

SpecLiii 

Element, 

% 

Ft. 

% 

1 

A-1 

0-S4 


m-78 

Ifi 

Cl-5 

0-77 

— 

W 10 

20 

Cl -9 

— 

Cu 0-15 


520 

CS-2 

0 24 

— - 

mm 

30 

D-3 

0-03 

— 

99*10 

as 

D-fi 

0-88 

— 

mm 

as 

D-H 

I-44 

— 

0800 

36 

U-!) 

104 

— 

08-00 

37 

D-10 

000 

— 

98-50 

66 

D-H 

0 04 

-— 

08-60 

as 

IMS A 

1-ST 

— 

m -50 

50 

E2-2 

1-52 

—- 

0816 

aa 

E2-5 

I 50 

-—_ 

08-40 

54 

E2-« 

1-47 

—^ 

98 80 

56 

Eff-8 

1-48 

-—- 

08 27 

57 

®*-0 

CM 52 

— 

90*65 

58 

Ei-10 

007 

— 

09'20 

50 

Ei!-11 

1 45 

-n 

98'20 

70 

Gl-l 

0 35 

— 

90-60 


Moduli 




70 

G-3 

o-sa 

— 

98-70 




Sulphur, 


07 

F-l 


2-01 


08 

F-2 

1-75 

1-70 

00-00 

00 

F-a 


1 73 



(Seelion 2) 

Classified List of Chemical Compositions of the Binary Steel Alloys 


Added 

KltTTWIlti 

HfcdlicJd 

R^icareh 

NlMibcf; 

lUrt. 

a 

% 

SpttliS 

KJem&ciL 

% 

% 

Chromium, 




Cr 



28 

D-l 

1*90 

2-36 

0010 


H2 

D-r> 

10*> 

0-54/052 

08-25 
































170 tNVESTlCATI ON OF FARADAY'S STEEL AND ALLOYS 


Table VTI {continued) 


Section 2 (continued). 


Alillwl 

KJrliirllt. 

RiiliWii 

Mm'tiJVJi 

Sumbni-, 

Onttb 

JUta 

1 a 
% 

Kk' lid Mill. 

% 

h. 

; % 

Nickel. 




Ni 



ia 

i ci 4 

CH?4 

0-75 

98*05 


24 

C2-4 

0 65 

2-10 

90*95 

Copper. 




Cll 



09 

D-2 

105 

2 70 

0630 


34 

D'7 

1-30 

! 50 

07*10 

{U}]d + 




An 



« 


088 

O-Gl 

08-15 


in 

ft-a 

1-15 

o-ao 

07 on 


2S 

C2 3 

1*15 

(MJO 

08 11 


71 

c;i-2 

0-05 

1*00 

08 -nn 

Silver. 




•*J? 
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Table Yil (continued) 
Suction 2 (continued). 
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layers and high carbon materia] from the interior. The analytical 
figures do not, therefore, represent the true carbon content of these 
steels, which must, in fact, he appreciably higher. 

In the case of the small Ingot No, 2/A*2, the low value of the 
carbon content, O-Oti per cent., is no doubt accounted For by 
excessive heating in the melting operation mid the resulting 
decarburising conditions. Thu peculiar form of the specimen, it 
will be remembered, rather definitely suggested this, A similar 
remark, no doubt, applies to Specimen No. lQ/B.T t although Lhc 
rather higher value of the carbon, O-HO per cent., would seem to 
indicate that it has not been so much affected by the abnormal 
conditions during melting. 

It is not surprising to find the majority of Faraday "a steels and 
alloys high in carbon, since practically the only steel known in his 
day was of that character. 
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Of the low carbon materials. Nos. 26/C.3-2* and 57/E.2-9 and 
5S/E,2-I0, their high phosphorus content and subsequent micro 
examination dearly proved them to be of wrought iron. 

Although in the case of Specimen No. 26/C.8-2 the carbon 
content, 0-24 per cent., is rather high for wrought iron, micro 
examination later showed a typical wrought-iron structure at the 
centre. There was, however, some carburisation at the corners, 
possibly due to contact with some carbonaceous material during 
heating for forging* Since in this case the sample for analysis was 
taken from the whole cross -section of the specimen, it included 
some of the carburised material. 

The production of Specimen No. 3I/D.4 with 2-25 per cent, of 
platinum and with carbon as low as 0 07 per cent* h no mean feat, 
and must excite the admiration of anyone who has melted steel and 
knows the difficulties, specially having regard to the simplicity of 
Faraday*s equipment. From the comparatively high phosphorus 
content of 0-103 per cent, in this specimen it is dear that the 
base used wus wrought iron, either of English or In dian origin. 
Every metallurgist will agree that, having in view this specimen 
was produced in 1819, great credit is due to Faraday, who 
accomplished this with his really wonderful “blast furnace," ns he 
termed it. 

Those of the alloys high in rnrbon which have been analysed 
are each comparatively low in phosphorus, and except in the case 
of Specimen No. 63/D.5 remarkably uniform, namely, between 
0-030 and 0 032, No. 32/D.5 containing 0*051 per cent. The 
possibility that No. 20/C1-9 may represent some of the base 
material used in making the high carbon steels was therefore 
made more probable by this fact. 

In the circumstances, particular care was taken with this speci¬ 
men, the sample for analysis being taken by drilling along the 
central axis so as to preserve the exterior appearance* Prior 
micro examination of a transverse section, however, disclosed 
segregation of carbon. It was dear, therefore, that any carbon 
figure obtained from the drillings could not be truly representative 
of the material, consequently no analysis of it for carbon was made. 
This applies also to the iron, the iron percentage I icing dependent 
upon variations in the carbon. As in other cases, however, special 
elements were analysed for, but beyond 0*15 per dent, of copper 
nothing was found. This small amount of copper the author is 
inclined to regard as accidental and Insufficient to justify t 
inclusion among the alloy steels of this Specimen No* 30/C.1-9. 
Such investigation as has been possible therefore tends to confirm 
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that this specimen may actually represent some of the base 
material used by Faraday in his steel and alloy melting experi¬ 
ments* Without extra carburisation of the melt, however, such 
material would he too deficient in carbon for producing some of the 
alloys with the highest carbon content as here found. It seems 
probable therefore that Faraday had at his disposal a selection of 
different grades of steel varying in tbeir carbon content or 
"temper*” of which this Specimen No.M/C.I-E represents only 
one. 

Attention has previously been drawn to Specimen No. 23/0,1, 
owing to its u iridescent s> appearance. This specimen is found to 
contain, besides a specially high carbon content* per cent., also 
2*M per cent, of chromium. There can be little doubt that this 
is Llic identical specimen referred to in the joint paper by S tod art 
and Famday “ On the Alloys of Steel*” read in 1822, and in p. 73 of 
Faraday's book. Experimental Researches in Chemistry and Physics. 
He records, concerning an alloy prepared by melting steel with 
3 percent, of pure chromium, that this after forging, polishing and 
being acted on fay dilute sulphuric arid, gave a very fine damask. 
After re polishing the damask was restored by heat without the 
use of acid. Now coloured by oxidation the damasked surface 
had a novel and beautiful appearance, which was heightened by 
beating the metal so as to exhibit all the colours from pale straw 
to bine or from about i-30* to GOO D F. These remarks are of 
exceptional interest If only because they provide the only direct 
information concerning any of the specimens in the present 
research. 

As compared with the 3-0 per cent, of chromium added by 
Faraday the lower figure of 2-36 per cent* found in this specimen 
might be expected for two reasons* The chromium metal used by 
Faraday could hardly have been of the high purity nowadays 
obtainable, and would not therefore yield its full amount as a 
constituent of the resulting ahoy. There would also inevitably be 
some loss of the chromium in melting due to oxidation, to which, as 
is well known by makers of alloy steels, this metal is particularly 
susceptible* It may be of interest to note incidentally that 
although the carbon was higher the chromium percentage did not 
differ much in this specimen from that in the type of steel met! 
about thirty years ago for armour-piercing projectiles* 

The foregoing remarks by Faraday led to a closer visual examina¬ 
tion of the surface of the specimen* and this revealed, underlying 
the coloured surface, a delicate mosaic pattern which, without 
doubt* is the damask effect noted by Faraday. Altogether the 



174 INVESTIGATION OF FARADAY’S STEEL jVND ALLOYS 

appearance of this specimen is indeed strikingly beautiful. No 
temper colours cm steel which the author has seen have ever quite 
approached the richness of those produced by Faraday, and one 
can understand his pleasure in them. Under recent examination 
this specimen shows that it has retained most beautiful and delicate 
shades of purple and violet. The author hopes to make further 
investigations and to present a paper on this interesting specimen, 
As regards the specimens of Group F, described ns “ Crude 
Steel from the Blast Furnace,” as Faraday called Iho apparatus 
he used for melting, their composition is interesting, though it is 
somewhat puzzling as to why these experiments were made, A 
very high sulphur content of approximately 2 per cent, and 
specially high carbon would, however, seem to confirm that, unlike 
the remaining steels, they have been melted direct in Faraday’s 
open blast furnace, that is, not in a crucible. It was to he antici¬ 
pated that such material would be red-short. This was confirmed 
by the author, as an attempt was made to forge a small piece from 
the corner of Specimen No. 08/F.2, the material soon falling to 
pieces in so doing. The specimen was unforgeable at low, medium 
or high temperatures. The experiment was probably made in 
order to determine whether the steels he used could be melted iu 
the open blast furnace without the use of a crucible, 

Silser Steels. In those of the specimens containing silver it will 
be seen that the proportion of this element never exceeds 0 40 per 
cent. The explanation of this fact lies in the very limited solu¬ 
bility of silver iu steel, as well shown later in the micros true t ion of 
Specimen No. 12/C, 1,1, where the silver is found as a distinct 
micro constituent. It will thus be readily understood also why 
duplicate determinations of Lhe silver content in this specimen 
showed different amounts. 

This same fact did not escape the observant Faraday, who, in his 
joint paper w ith Stodart iu the Quarterly Journal of Science, 
published in 1820, mentioned that when a mixture of silver and 
steel was kept long in a molten state, a perfect alloy seemed to be 
formed ; but on solidification, globules of silver appeared on the 
surface of the button. When a forged bar of this metal was acted 
on by dilute sulphuric acid the silver was left in threads through 
the mass, “ so that the whole has the appearance of a bundle of 
Jilm-s or silver and steel as if they had been united hv welding," 

(r) Dctertniiiation of Hardness. —Hardness testing by means of 
»fiimpression made in the test specimen under load by a diamond 
pyramid proved particularly useful in the present research, The 
small size of its impressions was of value in causing less damage to 
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the specimen and for the higher hardnesses its Indications are more 
reliable than those of the Brinell test made with a hard steel ball. 

Advantage was taken of any cut, surface or of the region close to 
a drill hole where the surface had previously been removed, so 
that the preparation of a smooth surface for the purpose of this 
test on an unused portion of the specimens was usually unnecessary. 

Table YUL records the results of the hardness determinations in 
terms of the Brinell scale to which the data obtained had been 
converted by means of a calibration of the apparatus made for that 
purpose. 

On fourteen of the seventy-five specimens it will be seen that a 
hardness figure of GOO Brinell or above, indicating a glass-scratching 
hardness, is obtained. It is thus evident that quenching played 
a prominent part in Faraday s experimental walk. Of these 
hardened specimens eight arc found among the specimens in 
specially prepared form in Groups E.I and E,2, thus indicating 
that these specimens were intended for experiments in heat 
treatment. 

Taking the hardness figures obtained on these groups as a whole* 
they seem r in fact, to provide further dues in this connection, 
although not such as to give a complete understanding. The 
specimens which are over GOO hardness it will be seen are the first 
four only of each group Tv I and E.2, and these art! the ones which 
have three notches cut in them* The fifth specimen in each 
group, namely. Nos. 15 E.1-5 and 53/E.S-ji, each of which has two 
notch t s T art* of intermediate hardness, 150 and 400/520 respectively* 
The remaining members of each group, namely, fi to H in E.l and 
Nos. 6 to 11 in E. 2, are of a comparatively low hardness, that is 
not exceeding 250. In these, however, definite connection with 
the marking disappears, because some have two nicks and others 
only one. 

As regards the hardness figures bdow about 600, owing to lack 
of information as to the heat treatment which may have been given 
to the various specimens, these figures arc not so useful ns thev 
might have been otherwise. Micro examination* as explained later, 
shows that many of the specimens are in a condition just as forged 
without further heat treatment* Mainly in connection with this 
micro examination definite heat treatments, accompanied by hard¬ 
ness measurements* have, however, been curried out by the author, 
specially in view of the “ novelty " of some of the alloys. 

The " iridescent ” Specimen No. 28/D.I, however* of which an 
indication of its heat treatment is actually given by Faraday, varies 
in its hardness from end to end between 630 and 330. no doubt 
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Table VIII 

Hardness of the Specimens expressed on ike Brincll Seale iriffi their 
Estimated Tensile Strength 

These 1Luninesses dele-nllmcd by the DMunond Pv mmEJ Hardness test have been 
converted to equivalent B rine El figures, 

Aeluiil tensile specimens from material of over 550 Brine E3 hardness do not display 
llieir full yield slrrn^th or tenacity, o-wiia^Jf to then- tendency to break prematurely, 
umJ the tensile data in mrh cases are therefore shown In Italics. 
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Table VIII (coniinitfd) 
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explained by differences of temperature in the tempering operation. 
There are similar variations between 615 and 395 in No. 2D/D.2, 

Two other specimens. Nos. 17/C.1-6 and 24/C.2-L vary in their 
hardness at different positions. This can be explained by 
decarburisation of the surface, probably resulting from the heating 
operations these pieces had experienced either in forging or 
hardening. In each of Lhese cases the higher hardness figure was 
taken at the centre of a eut section and the lower on the outer 
surface. 

Of the specimens ju Group F., containing high sulphur. Nos. 
68/F.2 and 69/F.3, labelled by Faraday as ** annealed,” are 
definitely softer than 67,'F.l, not so described, the figures being 230 
and 195 as compared with 323. 

The knife blank specimen. No. 70.G.1-L, has evidently been 
hardened and tempered ready for I inn I grinding and finishing, the 
blade portion having a hardness of 470 near the edge and 310/370 
at the back. At the remote end of the tang the hardness is only 
190. 

Ill Table VIII. accompanying the hardness figures is an estimate 
i»f the tensile strength of the specimens as deduced from their 
hardness. Such an estimate, while fairly closely- correct for 
hardnesses up to 350 1Jrim-11, must necessarily he accepted only as 
approximate for hardnesses above that figure for the reason men¬ 
tioned at the head of the table ; that is. white the figures given for 
the very hard specimens probably represent the true approximate 
yield strength and tenacity of the material, in an actual tensile test, 
owing to the tendency Tor the test specimen to break prematurely, 
such high figures would nett be attained. 

(d) Mt'luIItigraphk ExtmuvaHoti. —The application of the method 
of examination by the microscope on polished and etched speci¬ 
mens was specially looked to as likely to afford information of 
value in the present research. Besides providing for the first 
time, as far as the author is aware, an opportunity of determining 
the effect upon the microstrueture of steel of additions of the noble 
metals platinum and rhodium it enabled the response of certain 
of the Social alloys to heat treatment to be investigated, that is, 
so far as the available specimens permit ted. 

With the aid of nn installation of a new type and design, known 
as the Had fie Id-Beck Metallurgical Microscope also referred to in 
Chapter IX., a permanent record of the inicrostmeturc of typical 
specimens was obtained as shown in the various illustrations! 

The interdependence of the data provided respectively by the 
chemical and the metallography methods of examination, as now 
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used, is well exemplified* Reference has, in fact, already been 
made, in describing the methods of chemical analysis employed, to 
the utilisation of information derived from a preliminary examina¬ 
tion under the microscope. 

The n nusual amount* of sulphur in the Kfiecimen-s of Group F 
have already been particularly referred to. These were first 
revealed as large inclusions of sulphide under the microscope* lead¬ 
ing to their determination by chemical analysis. Typical inclu¬ 
sions of iron sulphide are to be seen in Photomicro Fig. PM. 8. No 
special difficulties were experienced in the preparation of any of the 
specimens, although this might have been anticipated ils regards 
the etching of the micro sections of the steels containing the 
precious mu tab P This did not prove to he the case* and irrespec¬ 
tive of composition all the specimens, in fact, etched satisfactorily in 
the usual reagent, namely, one volume of nitric acid in KM) volumes 
of ethyl alcohol. 

The location of five carbides in nil the specimens in which these 
were present, as judged from other tests* was quite successful!v 
obtained by the use of boiling alkaline sodium pieratc, this free 
carbide being darkened in a similar manner to the cementite in 
carbon steels. 

The mode of occurrence of silver, where this was present, was 
revealed effectively by a solution of sodium sulphide* 

In Table IX.. A and H. is given a description of the various micro- 
structures of the specimens examined. Section A refers to the 
specimens in the condition as received by the author, and Section R 
records particulars of selected specimens after forging or heat 
treatment in the author’s laboratory. 

Figs. PM.I to 80 illustrate by examples the various structures 
mot with* 

Table IX. s Section A, shows the mien structure of the specimens 
examined in the condition as received by the author from the 
Royal Institution. Taking the various groups in the order of 
their appearance, the following points seem worthy of comment i — 

(I) Carbon Steels and Irons . 

UVoagAf Irons, —The microstrueture of Specimens 57/E.2-9 and 
5S/E.2-10 was typical of wrought iron, each containing a large 
number of slag inclusions as illustrated in Photomiero PM*I of 
57/E.2-0. A chemical determination of the proportion of phos¬ 
phorus gave -121 and -128 per cent, respectively, which is about 
the usual amount found in wrought iron of ordinary type* 

In Specimen 25/C.8-2 there is an irregular carburisation at the 
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Table IX (rorc/inwf/) 

Section B. — Selected specimens after forging sir heat treatment Ijv the author. 
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surface, due to some unknown cause near two opposite corners of 
the rectangular cross section, as shown in Photomiero PM.2. 
Otherwise the material resembles wrought iron of ordinary type. 

Carbon Steals .—The rniirro structure «f Specimen 20/C. 1-9 showed 
that it was not homogeneous. In a Few small areas in the centre 
the only constituent was pesrlite, and the proportion of carbon 
would therefore be about 0-9 per cent.* but the structure of the rest 
was that of a 0 25 to0 44> percent, carbon steel. The photograph 
Fig. FH'4 shows a complete cross section at 2 magnifications of 
tins specimen, in the centre of which can be clearly seen the carbon 
segregation. 

No special comment is called for in the ease of the remainder of 
the carbon steels, which are illustrated by Figs. PM.5 and 6. 

High Sulphur Sted (Figs. PM r 7 and 8), — In Specimen 08/F.2 p 
containing 1 -TO per cent, of sulphur* although the material contains 
only a trace of manganese, the sulphide exists in globular aggre¬ 
gates and not in films. It is also specially interesting to find in this 
materia]* which contains 175 per cent, of carbon, a complete 
disintegration of the pearlite into free oemenUte* 

(2) Binary Steel Allots, 

Chromium Steels, Nickel Steels, Copper Steele .—No special com¬ 
ment U necessary as regards the mic restructures of these specimens, 
which are quite typical of their classes* Fig* FM«9 illustrates 
No. 24/CJZ-4 (2 19 Ni)* and Fig. PM. 10 shows No, 29/D.2 (2 TO Cu), 
in which the structure is seen to consist merely of lamellar pearl itc. 

Gold Steel#.—The three examples, of which a photomicrograph 
of No. 6/E. 3 is illustrated in Fig. PM*11, show no feature which 
distinguishes f hern from carbon steels of the same proportion of 
carbon. It is inferred, therefore, that gold in quantities increasing 
to Ch9G per cent, does nut appreciably alter the euteetoid proportion 
of carbon, and, further, it is completely soluble in steel. 

Silver Steel #.—The particular interest of these specimens was 
the existence of the silver as a separate micro constituent. On 
first examining one of these specimens, some particles were 
noticed among the non-metal lie inclusions, which became bright 
when the stage of the microstructure was racked a little out of 
foetid When in focus, the particles were mottled and of a yellow 
colour. Iti shape they were generally elongated. The chemical 
analysis had indicated that the specimen contained silver, and on 
etching the polished specimen with a solution of sodium sulphide 
many particles among the inclusions were blackened. It may be 
noted that in Specimen No. 4/E.L containing only 013 per cent, of 
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this metal, inclusions of silver were found. Fig. PM. 12* which is 
u photomicrograph of Specimen No. 12/C.1-1 polished, but 
unctched* shows a number of silver inclusions. It may be con¬ 
cluded, therefore, that the solubility of silver in high carbon steel is 
very low. The observations made by Faraday in connection with 
his experiments on inciting silver with steel have already been 
referred to. 

Flathmm Steels (Figs. PMA3-21)*—In none of the specimens 
examined containing platinum in amounts up to 2-50 per cent, 
has this element given any indication in the imeras true hire of its 
presence. Even in the Specimen No. 31/D.t, containing only 
0-07 per cent, of carbon and 2-25 per cent, of platinum, ferrite and 
non-metallic inclusions are the only micro constituents visible 
(see Fig. PM,20)* Platinum, at any rate, in amounts up to about 
2‘5Q per cent, is therefore soluble in either low or high carbon steel* 
The low car bon in this Specimen No. 31/D. 1 made it particularly 
interesting, giving rise to some speculation both as to the base 
used and the method of its manufacture* All that can he said on 
this point as a result of the micro examination however is # that if* 
as seems probable from the high phosphorus content, it was made 
from wrought iron* the act of melting has removed the major 
proportion of the slag inclusions present in the latter, which is 
quite an interesting point. 

Specimens Nos. 4i/E*l-l ami 43/E, 1-3 possessed the character¬ 
istic structures of hardened steels* the remainder indicated the 
ordinary unhardened condition. Further reference is made to 
this point in describing the structure after bent treatment* 

Specimen No. 17/C.l-fl (Fig, PM/21 )* containing the highest 
proportion of plat Lining was unfortunately found to be severely 
deeaxburised at the surface, thus reducing its value for investiga¬ 
tory purposes It wjis, however, submitted fo an experimental 
quenching treatment, the results of which arc described later. 

A general description of the microstrueturc of Specimen No* 
39B/Ihl2.B p has alreadj" been given in the special account of the 
investigation of it in pp. 153 and 1 54, Partly because tills was the 
first specimen examined* but also because the micro examination 
showed the structure to be very much segregated! a series of photo- 
micnxs was prepared from this specimen and U shown in Figs* 
PM. 15 to 19. The following is a detailed description of these 
photomicrographs:—- 

Fig. PM. 15. taken at 4"S magnifications* illustrates the structure 
over the whole surface of one face of this small specimen* and clearly 
shows the laminated and heterogeneous character of the structure. 
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This resolves itself into a number of zoncs T cadi of which has been 
li ttered for easier reference in the description of the subsequent 
photomicrographs taken at higher magnifications. 

The niirrostmcture of Zone C*at 80 magnifications, is shown in 
Fig, PM/L6, and consists of a dark ground mass of fine troys to- 
martensite and light strife rtf aciculur martensite with little 
spheroids of free carbide. The photomicrograph sit 1200 magnifi¬ 
cat ions taken of an area in one of the white stria above mentioned 
is shown in Fig* PM.19, The aeiculur character of the structure 
is more clearly seen at this magnification, as are also the little white 
spheroids of free carbide. The inclusion in the centre of the field 
is sulphide of lion. 

Fig, PM A 7 illustrates the structure of Zone A at 1200 magnifica¬ 
tions* and is also typical of the dark etching constituent in Zones 
L Slid E. 1 he structure consists of fine aeicular troosto-marten site 
w ith traces of austenite which appear white* Zone D t from which 
l r [g, PM.18 is taken* is a beautiful example of acUrutar austenite and 
martensite. Other examples of this structure are found in the 
ground mass of Zone B. 

The imcrcetrueturc of this Specimen B9.E/IU* B in its general 
character represents that of a drastically quenched steel. 

Rhodium Sittls .—The micros true lures of these specimens, 
illustrated by big- PM T 22 S show that rhodium in proportions up to 
about Taft jier cent* bas not affected the microstruetiire of high 
carbon steel when in the pearlitic condition. Thus, to this extent 
at least* rhodium is soluble in stock Some experiments of the 
effect of hardening treatments on the microstruehire are referred 
to a little later* 

(3) Ternary Steel Alloys* 

Plat i ftu tti -S lirer Steel ¥ Qold-S ilvtr Steel .—In In it Ii of t hese spec i - 
mens metallic silver was found us inclusions* otherwise their 
inicrestnieture did not call for special comment. The gold-silver 
steel No* 1 1/B.8 contained 0-88 per cent, of gold, and as little as 
01 a per cent, of silver* Owing to the solvent action which 
platinum and gold have upon silver* it might have been expected 
Hi lit thej would have facilitated the solution of silver in the steel. 
This, however* has evidently not been the ease, 

Golfl-S ickel Steel (Fig. FSL2S).—No modification of the micro 
structure has been caused by the gold. 

Non-MeUdtic Inclusion*— ¥ rom the fact that the non-metal lie 
inclusions found in the specimens examined in this research were 
generally attacked by sodium picrate, it may be inferred that they 
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are chiefly sulphide inclusions, and from the practical absence of 
manganese must consist of ferrous sulphide. Their colour is grey 
brown, while inclusions of manganese sulphide are dove grey. 
Except in the high sulphur steels their amount was nut excessive. 

Segregation *—A marked degree of segregation resulting from the 
mode of primary solid ification was found in the specimens generall y. 
Different areas are differently coloured or toned as a result of the 
attack of the etching reagent. The type of segregation met with 
is illustrated in Photomicrographs PM.lo and Id of specimens 
3S.B/D.12B*, taken at 4 8 and 80 magnifications. 

Table IX. T Section R shows the microstrueture of the speci¬ 
mens after forging or heat treatment in the author's labora¬ 
tory. 

Forging m - —Only one specimen* No, I4/C.D3, containing (Hli per 
cent, carbon and 0 74 per cent T platinum, was examined after 
experimental forging. Although the reduction effected in the 
cross section was in the ratio 9:1 no significant change in the 
luierostructure resulted, its will be seen by comparison of Fig. F\L25 
with Fig, PAL 18, It may he fairly concluded, therefore, that in its 
initial condition as received the specimen was also in the forged 
condition. 

Hr at Trto&monL —The effect of various alloying elements upon 
the ruiccostructure can n situ rally only be determined properly 
from specimens! which have undergone similar heat treatment. 
The nu restructure of the specimens as received in most cases sug¬ 
gested that the specimens had been cooled in rdr T A representative 
of each of the gold, platinum* rhodium and gold-nickel alloys w as 
therefore taken and submitted to the heat treatment known as 
“ normalisjng,” that is* heating to ®0O ; 0., allowing to attain 
thermal equilibrium t followed by cooling in the air. The small 
pieces used in this research were maintained for five minutes at 
800” C. It will be seen from the Tul.de IX. and Fhotomicrofl 
PM + 24 t 20, 27 and 80 that in every ease the structure resulting 
from this treatment was similar to that in the condition as received 
hy the author. IL would seem, therefore* that these particular 
alloys, which had a pearlitic oucrostructiire, had in the final 
operation performed on them by Faraday l>een cooled freely in the 
air from a temperature exceeding at least 800° C. 

Effect of Quenching Treatment# on the Mfcrostrudure- —Two of 
the alloyed stech were further selected for test as to their response 
to hardening in the quenching operation as gauged by effect on 
the niierostructure. Specimen 25 C.3-1, containing 0 97 per cent, 
of carbon and t-50 per cent, of rhodium, was selected as one of these, 
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and three test-pieces (a), {b) f (c) cut from il of equal size. All 
were normalised, (£■) was then heated to 800 p CL and quenched in 
water, and (c) was heated to 1100° C P and quenched in water. The 
respective mierostmatures after the treatments shown in Figs. 
PM. 27, 28 and 29 resembled those of a carbon steel having the same 
carbon content- Very few austenitic grains were to be seen in the 
structure of the piece quenched from llGG a CL The hardness 
figures shown in the table and determined on the actual micro 
section from each of the treated specimens showed effects pro¬ 
duced by the treatments consistent with the microstnieture. The 
conclusion previously arrived at that rhodium in proport ions up 
to 1*5 per cent, has no effect on the microstrueLure of carbon 
steel may therefore be extended to include either rapid or slow 
cooling. 

No* 17/CL 1-6, the other specimen selected for quenching treat¬ 
ment, contained the highest amount of an alloying noble metal of 
any of the seventy-nine specimens, that is, 2-60 per cent* of 
platinum, Unfortunately, it was badly deearb unset), though this 
did not interfere with the single experiment carried out- This 
consisted of heating a specimen to 1100° CL followed by quenching 
in water. Both the mierostnurture and the hardness of the sjjeei- 
men after this treatment gave similar results to those which would 
be obtained wit 3] carbon steel of similar percentage of carbon under 
the same treatment* A similar conclusion may therefore be 
arrived at as in the ease of rhodium - that is, platinum, in this ease 
up to 2’50 per cent., has no marked effect on the microstrueture of 
steel even under varied conditions of the rate of cooling. 

ft 1 ) Rmi&tnntt io Corrosion ,—It seemed very desirable to carry 
out such corrosion tests as were possible upon the specimens, since 
it is known that one of Faraday's objectives in his research on alloy 
steels was to obtain a iion-corrodible steel, or at any rate one which 
would make untamishablc mirrors* 

Special interest attached to the steels containing platinum or 
rhodium, since such indications as existed in the records of any 
success Faraday may Juive had in this direction point to their 
having resulted from the addition of these metals, For his own 
tests, therefore* the author's selection was made from these alloys, 
including also one of the plain carbon steels in the collection. 
No. 50/E.2-2. 

Standard materials of known characteristics were necessary as a 
basis of comparison, and these were furnished by specimens of 
mild steel of modem manufacture, with also a well-known brand of 
ingot iron, as shown in Table X. 
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Table X 

Tests for Resistance to Corrosion 


Exposure for twenty-eight days to the atmosphere ill the industrial 
district of Attercliffe, Sheffield. 

The specimens were previously heated to 730'C, and cooled in air. 
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Since physical condition plays a part in cor rollon problems* all 
the specimens were first heat treated alike, being heated to 7M D C, 
for fifteen minutes and cooled in air. The surfaces were denned 
of scale and polished, the pieces measured, dried in an air oven and 
weighed. 

The exposure of the specimens was for twenty-eight days on the 
roof of the Heel a Works, Attend iffe, Sheffield, where experience 
has shown that the conditions are particularly severe due tu the 
nature uf the atmosphere in this district devoted to the manu¬ 
facture of iron and steeL 

At the end of this period flic rust was removed by gentle rubbing 
with a soap of the type incorporating a hard powder, and the 
pieces were washed, dried and again weighed, 

Table X., in which the results are given* displays the inter¬ 
esting faeL that both platinum and rhodium additions to steel, and 
specially the latter metal, in the amounts to which they are present 
appreciably retard corrosion. Tit is improvement, however, does 
not appear to l>e of striking practical value. That is, while it is 
possible that under ordinary conditions the tarnishing or rusting 
of instruments or mirrors made from these alloys might take some¬ 
what longer than with carbon steels, the desired object was not 
fully attained. Nevertheless, the se results do suggest a possibility 
tliat with appreciably larger percentages of platinum* and particu¬ 
larly rhodium, alloys having distinct claims to non-corrodibilitv 
might be obtained, sped ally* too* when it is remembered that it is 
only in the comparatively high percentages of 12 per rent, and over 
that chromium steels acquire a usefully non-coxiodlbk- character. 

(J J Specific Magnetism .—-In examining the magnetic character 
of the specimens* the- simple form of test devised by the author, and 
described in the joint paper by Professor IL K. Dimes, Dr, H* R, 
Woltjer and himself, ik On the Influence of Low Temperatures on 
the Magnetic Properties of Alloys of Iron with Nickel and 
Manganese/ 5 read before the Royal Society in March, 1921, proved 
useful. This test, which determines the .specific magnetism of the 
specimen as computed with pure iron, requires specimens of 
uniform size and shape* but with certain adaptations could be 
applied to several of the specimens* and although the necessary" 
modifications detracted somew hat from the accuracy obtainable* it 
was nevertheless thought useful to take advantage of the method 
in this limited way, 

Sn far as standards of known specific magnetism could be pre¬ 
pared similar in form to any of the Faraday specimens, a necessary 
qualification of which also was that they should possess one flat 
surface, these specimens could be tested as a whole without cutting 
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them up. The uniformly shaped specimens of the E group 
naturally proved the most convenient. 

Table XT. records the results of these tests, the approximate 
character of which should lx* recognised, as also the indefinite 
condition as regards heat treatment of most of the specimens. It 

T.uslk XI 


Specific Magnetism of the Specimens in the condition ax Received 

% the Author. 
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may be remarked, however, that the fact that none of the specimens 
contains any large proportion of an alloying element Ls reflected 
in the generally high figures obtained for the specific magnetism, 
platinum, apparent ly, not causing any pronounced lowering of the 
figure, 

fe) Forging Properties .—For the examination so far made i t was 
possible to utilise the specimens as u whole, or small pieces cut 
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from them. There remained, however, certain desirable kinds of 
test requiring special forms of test-pieces which, owing to their 
shape or relatively large size, could not, except In an extravagant 
way, l*e obtained in this manner. 

In these circumstances recourse was made to forging down a 
sufficient portion of some of the specimens for this purpose. Tills 
again required special consideration for the following reasons. 
The practically complete absence of manganese did not promise 
well for the forging properties. It is true most of the specimens 
in the collection had actually been forged. Many of them, how¬ 
ever, showed imperfections, and although these could often be 
removed before further forging* the material was apparently not 
very suitable to produce test-pieces of the soundness required. 

For these further tests, therefore, the selection of available speci¬ 
mens was limited. Those actually forged were as follows, and at 
the same time a brief record of their behaviour is presented. It 
was planned where possible to prepare a specimen 65 mm- in length 
for examination in the Chevenard Differential Dilatometer; from 
a portion of this a tensile test-piece could be obtained suitable for 
the tensometer apparatus. 

Specimen AV>. 14 jCA-3 (C 0‘£)4, Pt Q"74). —Preparatory to 
forging, any surface imperfections were removed by filing. 

Forging commenced at S50/95G 0 and finished by swaging at a 
black heat. A length of Wj inches of ^inch-square section was 
thus prepared* three heatings being required. The material 
forged easily and well in lids operation. 

A length suitable for the dtintometer and a piece J inch lung 
for micro examination were cut off, and the remaining 51 inches 
examined for defects, which were removed. 

After reheating to 850° the piece was then further forged by 
flattening and edging down to about 0-07 x 0 25 inch. A burst 
about \ inch long then appeared in the middle of one of the narrow 
edges. Further forging was therefore confined to Hie material 
on each side of the defect, which was flattened down to 0-027 inch 
in thickness. 

The strip thus obtained w as from 0-40 to 0 62 inch in width, and 
had a Brincll hardness of 840/360. To remove possible strains 
which might cause splitting in cutting up the strip, it was reheated 
Lo 775 J and cooled slowly, its hanim’ss then being 190 + 

By parting the ?drip down the centre, four pieces, 0 027 x 
0-20 inch, were obtained of a total length of 10 indies. These 
strips were, as explained later, used in making the blades of some 
miniature knives* one of which is shown in Plate XLVIII. 
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The Cheven and test-piece* when it had served the purpose of the 
test, was further forced so as to prepare from it a temometer 
tensile test-piece, The sounder end of the piece was heated to 
850* and upset by forging to Q-25 inch diameter. Tills portion was 
then eut off to a length of 1{ inch and similarly upset at its other 
end, from which a tensometer test-piece inch in length wan 
machined. 

The remainder of the Chevcnard test-piece was forged into strip 
and eut up into the small knife blade section providing* with diffi¬ 
culty, two pieces 3 indies in length, the material in this case 
tending to crack In forging on the edges and ends. 

Specimen No, 15/C, 1-4 (C 004, Ft 0G0}. — The forging of this 
specimen was with the intention of preparing from it* if possible, 
a razor blade of ordinary size, which could be tested in a practical 
way. As the whole of the specimen was necessary for this purpose 
it precluded in this case any other test-pieces being obtained* 

The specimen wils £ x ^ inch in section* tapered down at one 
end to J X | inch, there being a drill hole in this tapered end. At 
the wider end there was a V-shaped groove. 

On commencing forging at about 850 J the V-shaped groove 
opened out slightly, disclosing a seam. A small piece was there¬ 
fore sawn off this end as far as the craek appeared to go. The 
narrow and drilled cud of the specimen was also cut off and 
appeared sound. 

The piece was then reheated to about 850 and forged down on 
the anvil T a few cracks developing on getting down close to the 
V section suitable for a razor blank. 

Finally, a bar 0‘4fi to 0-55 inch wide, 0-20 to 0-23 inch in thick¬ 
ness on one edge and 0 04 inch on the other, was obtained inches 
in length, containing* however* some slight imperfections. 

Specimen No, I7/CU-B (C 0 61, Ft 2 50 ).—Micro examination 
of this specimen* as previously explained, had revealed decar- 
burisatiuii to a depth of about 11 mm* confirmed by hardness 
determinations. After removing all this decarbonised material 
and any forging scams penetrating below it, the section remaining 
was very small* 0-35 x 0 25 inch. For reasons of economy of 
material it was therefore decided to abandon in this case the idea 
of a Chevcnard test, and prepare only a tensometer specimen and 
the material necessary for obtaining a heating and cooling curve 
of the inverse rate type, which could be carried out on a piece of 
very small dimensions, 

A piece 0-55 inch long of the reduced section and weighing 
0*5 grams, was therefore cut off and forged gently at a commencing 
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temperature of 900/950° C. down to 0 s 25 inch diameter. The 
piece obtained was 1] inch long* hut showed a bad trans verse burst 

inch from one end. Tills was sawn off and used for the heating 
and cooling curve, the remainder, 1 inch in length, being allocated 
Far the tensometer test-piece. In this forged condition the Brinell 
hardness was 295. 

Specimen No. 29.0.2 (C 105 t Cu 2 79).—A piece 0 8 to 0 9 inch 
in length had been fractured from this specimen, and was therefore 
made use of for a forging test* 

The Brined hardness of the piece was variable from 390 to 710, 
and as a precautionary measure it was therefore softened by 
heating to G50‘ and cooling in air, the hardness then being 330. 
Seams on the faces anti edges were filed and gouged out and the 
edges rounded off, 

Forging was commenced at 850/900*, and while the material 
behaved at first satisfactorily, in finishing to Q2 m 2 inch diameter 
hoth ends commenced to open, one rather badly. The length was 
just in execs* 0 f the 65 nmi + required for a CheVenard test, and it 
was hoped that although imperfect the specimen would serve for 
this purpose. As will l*e seen later, a curve was successfully 
obtained from it. 

Specimen No. 9. fi.fi {C 0 92, Rh 1*20),—To have as complete a 
series of tests as possible on one of the steels containing rhodium 
seemed specially desirable. These steels were only three in 
number. No. 25/CJM contained the highest percentage, 160, and 
was too small in size to obtain more tests than had already been 
totem Of the two remaining specimens. Nos. 7 11.4 and 9/R.CS* 
there was not much to choose on the score of soundness, but B,G 
had the higher rhodium content and was therefore chosen. 

Since unsound ness at the centre of this specimen was-visible at 
the drill hole, and there were external surface rooks, these defects 
were avoided by sawing out a piece from the material between the 
centre and the outside so as to obtain a specimen as sound as possible 
for forging* W hen filed up on all faces and all visible defects 
gouged out, tld* piece weighed 18 6 grams, its siae being 0 5a X 
0 m X 0-85 inch. 

Forging commenced at the temperature of 859/900°* four re- 
heatings bring required in reducing to 0 25 inch square. On the 
finished piece there were many small cracks, some apparently 
superficial* others going in for a depth of ^ inch. The piece when 
squared at the ends to a length of fi5 mm. was (bund suitable fur a 
Chevennrd test. As forged the B rind I hardness was 255. 

Specimen No. 22/C2-2 <C 1*06, Ni 2-18, Alt 9 75).—The section 
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of this specimen, IS x 4 being rather Hat was not well suited 
to forging into a small round or square bar, but in view of its 
interesting composition an attempt was made as follows — 

Some defects visible on the comers over a length of 1| inches 
were removed by filing and gouging. 

The piece was forged with light blows at a commencing 
temperature of S0G n to a square section, during which operation 
the material appeared sound. After reheating, the comers were 
rounded and with a further reheating the piece was put through 
|-inch diameter swages, I Hit it was not found possible to prepare 
cither a tensometer specimen or a di I a tome ter test-piece of satis¬ 
factory character, the material splitting away. 

The best that could he done* therefore, was to cut a piece £ inch 
long from what was left of the forged £-inch-round section, from 
which to obtain a heating and cooling curve of the inverse rate 
type, A tensometer test-piece was obtained from this specimen in 
another way, as will be found recorded in the section on tensile 
tests. 

Specimen No. 57/1? * 9 (C 0A2, S 0-087, P 0 121, Fe 99 05).— 

In the forging of Ibis specimen no difficulty was experienced. 

The piece was rounded gently under the hammer at a commenc¬ 
ing temperature of 1100" C_, then reheated and swaged to ] inch 
diameter. With further reheating swaging continued down to 
5/32 inch diameter* a length being obtained of 68 mm. suitable for a 
Chevenard specimen. 

General Comments regarding the Forging Properties, —-It may be 
remarked that the steels containing platinum and rhodium appear 
to be qulLc readily forgeable* such difficulties as were met with 
being due to imperfections in Lhe original specimens. 

No. 29/1X2, however, containing 2 79 per emit, copper* seems to 
lie a steel which is difficult to forge success rally, this being in 
accordance with the author’s own experience with high-percentage 
copper steel. On the other hand* steels with comparatively low r 
percentages of copper can be forged and rolled without difficulty, 
but ujjoii exceeding about 5 per cent, of copjjer such steels may be 
regarded as unsuitable for forging. 

It is somewhat difficult to decide as to the merits, from the point 
of view of forging, of such a composition as that represented bv 
Specimen No* 22/C.2-2 (Ni 2 IS and An 0 75). Starting with a 
material uf a section and condition unsuitable for the forging opera¬ 
tions proposed, it would in any case have been difficult to guarantee 
satisfactory behaviour of the material even if of known good 
foiling properties. The author is inclined, however, as the result 
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of this experience, to believe that steel of this composition has not 
very good forging properties, hut it must be remembered there is 
only 010 per cent, of manganese present. 

(A) Detenu {nut tan of Critical Tam per at wr Ra lyjffis'*—{i.) Dilato- 
metfic Method. —Because of the more complete indications it gives 
of internal thermal changes than those provided by the usual 
heating and cooling curves indicating the evolution or absorption 
of heat, the dilatomet.ric method was preferred and adopted 
wherever it was possible to obtain a suitable specimen. Neverthe¬ 
less, where Only the smaller specimen suitable for the inverse rate 
method could be obtained, the information obtainable by this 
method was accepted m an alternative. 

For the dilatomctric method the excellent apparatus used was 
the differential mechanical dibit nmeder devised by M. LVrrt- 
Cheveimrd and described by him in his article, ** Dilatometre 
Different id a Enregistrcment Mte&niquc, 1 * published in t he Reuurde 
ifflalhvgie* 2+T amice, No. 2 (February 1926, pp. 0 2 to 99). Test' 
pieces from the Faraday specimens had been provided by forging 
froni Nos. 9 11.6, 1 \ 0,1 -S, 29/D. 2 and 57. E. 2-9* Si nee the first three 
of these arc alloy steels* comparison test-pieces were provided of 
plain carbon steel low T in manganese* of modern manufacture and 
closely similar carl>on content. 

The procedure adopted was of a uniform kind, heating and 
cooling being controlled by a water rheostat operating on the 
heating furnace, at a fairly constant rate of 5 to 7 secs, per D C. 
The maximum temperature was 950" C. The first heating was from 
the as forged condition, and in all eases concordant results were 
obtained from a repetition heating made as a check* 

The curves from specimens U/CLl-3 (C 0-9-1, Ft 0-74), 9/B.G 
(C 0-92, Rh 1-20) and 1991/2 (C 0 97) are reproduced as examples 
iu Figs T 2, 3 and 1, the critical ranges observed in all the specimens 
being shown in Table XU. 

Rhodium to the amount of 1'20 per cent., ns shown by these 
results, has practically no influence on the critical temperature 
ranges of 0-9 per cent* carbon steel; 0'7i per cent, platinum, on 
the other hand, has lowered the critical ranges by about 90°. In 
addition, the actual ranges of temperature covered by the trans¬ 
formations show a tendency to extend, and the curves at the 
commencement of the critical ranges are rather more rounded, 
indicating that due to the introduction of platinum there is a certain 
sluggishness in the traoxfonnations. 

Copper to the amount of 2-79 per cent, in Specimen 29/D. also 
lowers the critical ranges under these conditions by about 20 s C. 
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on heating and Ml cm coaling, again introducing some sluggishness 
into the transformations. 

As regards Specimen No* 57/EJZ-9 the curve obtained and the 
temperatures indicated fur the critical ranges are characteristic of 
t hose usually obtained for wrought iron. 

Table XII 

Critical Tempt'ralurc Ranges of Sfrfh made by Faraday as shown 
by the Chrvtiiard Differential JW Udometer: also Plain Carbon 
Steels of similar carbon content foe Comparison, 
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The cement ite change was observed uniformly at 210/220® both 
on heat mg and cooling in all the high carbon steels, whether plain or 
alloyed. 

fii.) Inverse Rate Curves. —For taking heating and cooling curves 
of the inverse rate type the specimens available were 17/CA-8 and 
22 t -2-2. No. 14 t .1-3 was also included for comparison with the 
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Chevennrd curves on this specimen. The test specimen in the.se 
coses was very small, only about \ inch round or square and § inch 


Hmnm mium 
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Analgia | fl’JH 0*03 Nil OT tW 0 74 forged niateriiil. 


long, weighing 2 to 3 grams, and a hole was drilled most of the way 
down the axis to receive the platinum, platinum-rhodium thermo- 







2(H) Investigation of fakaday’s steel and alloys 

couple. As with the dilatometric examination comparison pieces 
were provided of carbon steel low in manganese. 
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hour, in id cooling to about 600 7 m a further forty minuter. After 
Lliis + the transformations being completed, the rate of cooling was 



accelerated. Observations were taken in the usual way on a 
delicate reileeting pyrometer using a nnllijnetre scale and recording 
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the transits across each millimetre by chronograph. The diagrams 
for 14/C.I-S (C 0-0 i, Ft 0 74} ami 22/C.2-2 and 1091/2 are repro¬ 
duced in Figs* 5, 6 and 7, Table X1IL recording the full data us to 
the tra ns format ion, The specimens were heated initially from 


Table XTTT 


Critical Temperature Ranges of Steel* made by Faraday ax shown 
by Heating and Cooling Curves of the Inverse Bate Type; 
also plain Carbon Steels of simitar carbon content for Com¬ 
parison 
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tlieir condition as forged, and in each case a repetition heating 
provided a satisfactory check. 

Since the test-piece from No. 17/C.1-0 was prepared from its 
centre portion, the results in this case should properly be com¬ 
pared with those from 1991 2 or 1584C/2, and not with u 060 per 
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cent, earbon steeh The low figure of 0-01 per cent* oarboJl 
obtained in the analysis of this specimen \% it will be remembered, 
accounted for by the drillings containing Mime of the decarburised 
surface material. The carbon m the centre unaltered portion was 
not separately determined* but micro examination shows it to be 
certainly over 0*9G per cent. Above this percentage there is a as 
the data show, little change in the character of the heating and 
cooling curves of carbon steel; consequently either 1091/2 with 
9 07 percent, carbon or 1IS4C/2 with r05 per cent, carbon will in 
these eases serve fur comparison* 

Some lowering of the critical changes due to the addition of 
platinum is shown by the data for 14/C/l-S with 0-71 per cent, 
platinum* confirming the information obtained from the Chcvenard 
curves* although in not quite so marked a way. The sluggishness 
introduced by the platinum as compared with plain carbon steel 
also extends here to the temperature range over which the trans¬ 
formations occur. 

The same features arc observed to a more marked degree in 
Specimen 17/C.i-O with higher platinum content* 2*50 per cent*, 
the critical ranges being lowered in temperature by 20 to 30°* and 
further widened in their extent. 

In Specimen 22/C.2-2* containing nickel 2-IS per cent, and 
gold 0’7a per cent.* the critieal ranges are lowered by about 40 Q , and 
widened by about 20° as compared with plain carbon steel; both 
these 1 effects are about what might be expected from the nickel 
addition alone, so that there Is apparently no material effect due 
to the gold itself* 

(A) Thermal Expansion *—The dilatometrie method of determin¬ 
ing critical temperature ranges has the special and supplementary 
advantage that it provides at the same time information as to the 
coefficient of thermal expansion over the temperature explored* 
These coefficients were therefore ascertained from the Chevenard 
curves obtained from the various specimens tested. Those con¬ 
cerned are 29/DJ {2 79 per cent. Cu), 14/C.1-3 (9 74 per cent. Pt), 
9/D + 6 (1*20, 1T4 Rh), with the carbon steels 1991/2 (0-97 per 
cent, C) and 1584C/2 (1-05 per cent. C), In addition* the wrought- 
iron specimen 57/E,2-9 and the wrought iron used for comparison, 
numbered 4996* For the high carbon steels, whether plain or 
alloyed, there is a remarkable uniformity in the results* These 
cun all be expressed within close limits by the following figures, 
representing the coefficient of expansion in millionths per fl C.; at 
ordinary temperature II 9, 100 D -Il h 5 a 300°-! 4 0, fi00°-14-5, and 
at 700" C.-1G0. 
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In tLt case of 2Q/D.2, where the percentage of the added element 
is much higher than in the other two, an exception should possible 
be made, its coefficients being better represented by adding (j -5 to 
each of the above figures. It may be concluded,therefore, that the 
coefficient of expansion of car lion steel is not materially inline need 
by the addition of comparatively small percentages of either 
copper, platinum or rhodium. In the ease of the two wrought -lion 
specimens, these give figures identical with each other, but differing 
slightly from those of the High carbon .steels above mentioned, the 
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figures being at ordinary temperature 12 0, at l£W°-12'o, at JJQQP- 
140, oOQMU Oaiul at 700 n -15|. 

(/) Electrical Resistance. — It wils possible to moke upon the 
C hevenard test-pieces a teat of their specific electrical resistance, anti 
although such a test is necessarily approximate owing to the small 
size of the specimen, since little is knmvn about the effect of such 
elements as platinum and rhodium upon steel in this connection, it 
was thought worth while. In these tests. Spe cimen No. 20/D.2 
was necessarily excluded, because although its scantiness did not 
prevent a successful Chcveuard examination being made, this 
unsoundness would undoubtedly have a considerable effect on 
the electrical resistance. 
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The usual MI of potential method was employed, a steady 
current being passed through the specimen, through copper leads 
attached at the ends and through a standard runnganin resistance. 
The fall of potential over this resistance, and, by means of bronze 
knife edges, over a measured length of the specimen well clear of 
the ends, was determined on a potentiometer. These measure- 
meats, in conjunction with the sectional dimensions of the 
specimens, enable the specific resistance to lie calculated. Table 
No. XIV. giving the figures obtained. 

The addition of platinum and rhodium clearly has very little 
effect upon the electrical resistance of carbon steel. Such a 
result is not altogether surprising, being in accordance with the 
general rule that the elements having the largest atomic volumes 
have the greatest effect. Platinum and rhodium have small 
atomic volumes. 

The figure obtained for Specimen No. ST/E/J-U shows that its 
electrical resistance is of the same order as normally found for 
wrought iron* 


□==□ 

fid. fl,—Sketch of 
tcnanniUiT Tcat- 
ptecc (hill size). 


(flj) Tensile Teste .—The much improved facilities for metallurgi¬ 
cal examination which we now possess, as compared with those 
available to Faraday, are well illustrated by the tensile tests which 
the author has been enabled to carry out on some of the specimens 
notwithstanding their small dimensions* With 
the ingenious little apparatus shown in Plate 
XLVIL. known the Teutonic ter, designed by 
Mr, L. H. Ho ii ii she Id T M.I.Mcch.E*, tests can be 
carried out and full tensile data obtained from a 
specimen of the very small dimensions shown in the sketch, Fig. 8, 
and weighing (in steel) less than 4 grams. By means of an auto¬ 
graphic attachment a stress-strain diagram up to the point of 
fracture can be obtained* 

By forging, pieces suit a file us blanks for tcusometer test-pieces 
had been obtained from Specimens Nos, 9/B.0, 14/C.1-3 and 
17/tU-e, the fust two being prepared from a portion of the Cheve- 
mml dilatometer test-piece. In the case of Xo. 22 C. 2-2, as there 
appeared to he sufficient: thickness ill the tin forged portion of Ltie 
specimen, a piece ] ^ inch long by {inch wide wm sawn out from 
the middle, thus leaving its contour undisturbed. This, however* 
did not provide a completely satisfactory specimen, blemishes 
remaining on the surface of the finished test-piece where a depression 
in the surface of the original specimen had nut been completely 
removed by machining. 

Similar test-pieces were, for purposes of eompamon, prepared 
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from the high carbon sU t.h of modem manufacture previously 
made use of in connection with the examination of the critical 
ranges. To render all results directly comparative the test-piece 
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til Figs, 9,10 and 11, and the test data as a whole arc recorded 
in Tabic XV, 

As compared with the high carbon steel 1001 /2 of similar carbon 
content, Specimen No. 14/C.1-3 with 0-71 per cent, platinum, it 
will Ih? seen, has a somewhat high tenacity (CO-5 tons per square 
inch as compared with 5S-0 tuns). Its yield point is also higher, 
38 tons against 29. At the same time, the elongation and reduction 
of area are precisely the same as that of the carbon steel. Platinum 
to this amount, 0-7+ per cent., therefore, as shown hy this test, 
effects a slight but distinct improvement in the tensile properties 
of high carbon steel. Usd sufficient material been available it 
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would have kn particularly interesting to test this point further 
on specimens which had !>een quenched and tempered. 

The specimen from No. 17/C.l-fl {2 50 percent. Ft) unfortimatdy 
broke prematurely at a load of 38 5 tons per square inch, and when 
the elongation had only reache d 125 per cent. This was dearly 
traceable to a defect visible in its fracture. It will be remembered 
that special difficulty hod lieeii experienced in the preparation of 
this test-piece* and although an apparently sound portion had been 
cut for the purpose from the rather defective forging obtained* it 
wus evidently not so sound as it appeared. 

In order to give some idea of the thoroughness with which 
I araday worked, Table XV J. has been prepared, and in this the 
steels are arranged in the order of gradually increasing percentages 
of platinum* The venous platinum steels produced by him and of 
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which the analyses presented have been made for this research 
by the author are thus brought together in one group. There are 
in ail twenty-three separate specimens, varying from tl-fig to 
•18-60 per cent, Pt. These complete the series with the exception 


Table XVI 


Platinum Steeia made by Faraday, arranged approximately 
ix Divisions according to the Increasing Percentage 
or Platinum present. 


I he various Steels from which the Analyses are made form part 
of the 90 Specimens dealt with by the author in this Research. 
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of the stedtf containing 10, 20, and 80 per cent. Pt., which are 
mentioned in the Stodart-Faraday papers of 1820 and 1822, as 
these haw not been found. 

As regards the eight specimens in division ** A ” *>f Table XVL it 
?rill be seen that with one exception. No. fll/E* 3-2, the percentages 
of carbon anti platinum obtained can be regarded as wonderfully 
regular, that is specially in view of the simple melting apparatus 
employed hy Farad a y\ 

The next two divisions, u B 11 and st C" represented platinum 
from 0-90 to 1 20 per cent. ; division “ D,' 1 1 34 to 1 jier cent.; 
division 41 E * f 8-25 to 2*50 per cent. The author found nolm 


Table XYIl 


Number of the Various Tests earned out on the T9 specimens of 
Faraday “ Steel and Alloys " 


Chemical analyses 

M ierogrnpl i ie Exa min&l ion (in elud¬ 
ing 30 photom ier ographs) 

Specific gravity * 
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than 48-60 per cent, platinum in specimen No. 3/'* VO, 11 (division 
“ F ”), and the carbon in this is specially low, only 0-18 per cent. 

The addition of rhodium to the amount of 1-20 per cent, in 
Specimen No. 9/B.6 has raised the tenacity slightly, but there U a 
more than commensurate falling off in the ductility. At the same 
time, the yield point is quite definitely lowered from 29 to 22-5 tons 
per square inch as compared with unalloyed carbon steel. 
Rhodium, therefore, in its effect on the tensile properties appears, 
unlike platinum, to have a detrimental effect. Although the 
blemish referred to on the test-piece from No. 2S/C.8-2 (2-18 per 
cent. Ni, 0-75 per cent. An) mils likely to interfere with a true dls- 
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play of the properties of this material, the test was carried out. 
Fracture* however, occurred at the defect with an elongation of 
only 2 5 per cent* af ter a load of 54-5 tons per square inch had been 
reached. Clear indication of the yield point was obtained at 
40 tons, showing considerable increase as compared with the 28-5 
tons shown by the corresponding carbon steel 15S4C/2. From the 
ball hardness of 300 a true tenacity of about 05 tons per square 
inch can be deduced, as compared with 51 tons for the carbon 
steeb While therefore the full effects of the nickel and gold 
additions upon the tensile properties are not determined* it is clear 
that in Lhc yield point and tenacity there is a marked increase* 

In all, the number of tests, chemical, physical and mechanical, 
applied to these Faraday specimens is U34, or* if a further ten 
made on other steels for purposes of comparison are included, a 
grand total of 644. The number of LesU of the separate kinds is 
summarised in Table XVTL 

Pile p a ration of Knives and Razor fiiom Faraday's Steel 

As a fitting addition to the examination of these specimens of 
Faraday's 4 * Steel and Alloys,” produced more than a century 
ago* and having in mind the direction taken by his efforts, it was 
felt that some attempt should be made, if possible, to prepare from 
selected pieces actual articles of cutlery* including razors. With 
the assistance of th< famous Sheffield firm of cutlers, Messrs* 
Joseph Rodgers & Sons* Ltd., indue ling their representative* Mr. R. T. 
Hartley* to whom best thanks are offered for the great amount of 
care and attention lie and his firm have devoted to the experi¬ 
ments, the nut her lias been enabled to prepare a razor and twenty 
miniature knives* These articles of cutlery were produced in the 
following manner ; 

Miniature Knives* —As mentioned in the section on forging, from 
the Faraday specimen No* I4/CA-®, containing 094 per cent, 
carbon and 074 per cent, platinum, fiat section strips, 0-027 inches 
X 0*20 inch* were forged by the author, and these strips formed the 
material for making the blades of the miniature knives. The 
selection of the steel used was determined by the fact that it con¬ 
tained platinum, and that its various properties had been rather 
fully examined. Its microstructure is shown in photomicrographs 
Nos* PMAS, representing the steel as forged by Faraday, and PM.25* 
after it had been forged by the author. The Chcveimrd dilate^ 
meter diagram appears in Fig T 3, and the ordinary heating and 
cooling curve in Fig. 5. 

The hardening qualities of the sted were tested on a small 
portion of the trimmings from the edge of the strip, by heating to 
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750° for two minutes and quenching in water. Confirming the 
expectations derived from the dilatometric examination, the steel 
was fully hardened, having a Brindl hardness of 7ID, tints indi¬ 
cating no essentially apparent difference in the behaviour of this 
platinum steel as compared with carbon steel of similar carbon 
content. No change was therefore found necessary as compared 
with normal practice in the preparation of the knife blades. 

While owing to the limited quantify of steel available these knives, 
one of which is shown in Plate XLVIIL T arc only miniatures, their 
construction and method of manufacture arc in every way similar to 
those used for a Sheffield pocket knife of normal size, and with the 
same skilled workmanship which lias lieen continued from the time 
of Chaucer, when the famous poet in his Canterbury Tales related of 
one of his characters that 41 A Shcfcld Ihwyh 1 bare he in his hose* 11 
Tt will be seen that the finished knives represent steel which has 
been forged three times, First by Faraday, then by the author, and 
finally by Messrs. Joseph Rodgers Sc So m* Although actually 
the quantity of steel used in making these twenty knives was only 
23 grams, or less than 1 ounce, the blades are hardened and tem¬ 
pered. and within the limitations of their size arc quite capable 
of giving a good account of themselves. The BrincH hardness 
determined on one of the finished 1 dudes shows a figure of GOD 
near the cutting edge and 520 near the back of the blade* 

Razor .—The selection of a specimen from which to prepare a 
razor was specially limited* but No, I5/C.1-4 showed the most 
promise of giving a successful result, Besides containing 0 j 69 per 
cent, of platinum, its carbon content of <HM per cent, might be 
expected to give it full hardening properties* Its composition, in 
fact, was closely similar to that of Specimen I t CM-8, selected for 
making the knives. This Specimen I5/C.1-4 also seemed fairly 
Free from seams, and with successful behaviour in Forging its weight 
was just sufficient to produce the necessary amount of material for 
a blank suitable for a razor of usable size* 

The preparation of the V-secfcJon bar necessary as the first 
stage has been described in the section on forging. Although great 
cart fc was taken, the bar obtained was rather less in weight than was 
hoped for, and contained some imperfections which could not be 
avoided* For a full-size razor some 65 grams were required, the 
piece obtained weighing 55 grams. Messrs* Rcxlgers & Sons, 
however, successfully overcame this difficulty, and were able to 
prepare from this bar the razor shown at E in Plate LI 1 1 ., which, 
although not of full size, is nearly so. By careful management it 
was arranged so that the defects in the bars were kept clear from 
the blade portion and appear, although noL very prominently. 
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in the tang. In fudging, tin. 1 steel proved rather softer than the 
usual type used for razors. This razor has since proved its merits 
in actual use, as will be found described in a later section, 

Tiie Hadheu) Research on ‘flu; Ten Later Specimens of 
Faraday’s “ Steel and Alloys ” 

The specimens forming the subject of this research had been 
deposited with the Science Museum, .South Kensington, and by 
the kindness of their owner, Mr. A. Evelyn Barnard, and of 
Colonel Sir Henry Lyons, F.R.S., the Director of the Science 
Museum, they were placed at the author's disposal for full examina¬ 
tion- For purposes of distinction, they were numbered by the 
author from 1 to 10, No. 1 being the “ Faraday-Studart-Banmrd- 
Indian Wootz" razor, while Nos. 2 to 10 proved to lie some of the 
exceptionally interesting specimens mentioned by Faraday in his 
diary notes of November 3rd, |H*>3, referred Lo on p, 125 of this 
book. These nine specimens, particulars of which are given in 
Tattle XVIII., and which are illustrated In Plate L., weighed only 
LG2-2H grams, or about 5j oz., and, although the number and 
nature of the tests possible with such small amounts of maLeriul 
were limited, useful information has undoubtedly been obtained. 
After the various examinations and tests had been made the 
remaining weight was 143-36 grams (5 y*.) f only 18-92 grams (J oz.) 
having been used up in the research. 

It is specially gratifying that these specimens include some of 
the high percentage alloys formerly believed to be missing, and as 
regards the low percentage of carbon in four of the specimens, viz., 
0-07, 0-10, 0-12 and 0-18 per cent., this affords further definite 
proof of Faraday’s wonderful operative skill with his li Blast 
Furnace." 

Description of Specimens. —No. 1 in this set of specimens is the 
razor illustrated in Plate LOT. As explained on p. 280, it was made 
by Stodart from an alloy prepared by Faraday, cither at the lloyal 
Institution or in the large-scale experiments at Sheffield, and 
evidently consisting of a base of Indian wnotz steel alloyed with 
110 per cent, of platinum. The razor bears Stodart *s name, 
also the wont/, sign, and, as shown by its inscription, it was 
subsequently presented by Faraday to his nephew James Faraday 
Barnard. 

The live specimens Nos. 2 to 6 inclusive are each in the form of 
unusually small ** ingots,” weighing only from 6-27 to 25-22 grams, 
all in the cast condition, thxit is, just as cooled down in the crucible, 
the hemispherical form which they have taken on their underside 
showing this to be the case, that is, they have not been subsequently 
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Table XYIII- -General Partitmlorsof the Ten Later Specimen* o/FuTudaifs 

and Hardness .— 

Specimens Nos. 2, 3, 4, 5, 6 and 7 are in the cast 


1* 

a 

Faudit's 

Mask 

Dmumorr m 
Fa&j.I'IV's Eiajjy a5iB 
PjlFIW?: 

Thr Wutilri In Luvrftdi 
roTnnuw * pj?«r in Km 
'liY'i UPU IliiuLm Jiclutr 
in M* PIuJf Sniriulfr 
3nl r £fct#, 


Wunlrr i 

G rfiJiu, 

1 

iiH 

StOD 

ilT 

This n-pn> 
st-nt’j the 
Indian 

cbinwtm 
fur Worts 
rtoeL 


Rjtiai t-iii] loini rig Pla¬ 
tinum und llltvlng 
Wwl* steel as its 

hue. 


a 

LX 

w Steel jO, Rho¬ 
dium SI}/' 

Small ingot ilia. 

y 0 1 28 - in depth. 

G38 

3 

VII 

“ Stod 50 , L p lia- 
tiimin mr 

Small Ingot dia. 

x (Mi' in depth. 

12 55 

4 

No mark 


Small Liigol. oval, 0-03' 
X O'Ttff X 0-23' in 
depth. 

10-11 

3 

V 

“ Iron with 3% 
Uhodlam/ 1 

Small ingot u-.si!' din. 
X 0-6? in depth. 

23 22 

U 

IVI 

; Him iron fused.^ 

SiEinll imiol 0*05* dia. 
X U A L' In depth. 

23-24 

7 

No murk 

“ Crystalline cur- 
liuret of Iran* 1 * 

Small ijsgcit l’SS # X 
J-iaxO-sr in depth. 

47-7* 

hi 

11 

+h i" E l i T i c 11 j l j i and 

steel wdkdcd^ 1 

Small bar 0-30” x 
(US' x 1-05', eon- 
si^liag of tited and 
platinum united by 
welding tmTerversoly, 

1077 

U 

1 

“ Platinum and 

rtceL welded,' 1 

Small bkr 0-311' y 
0-10' X 1-75', con¬ 
sisting of steel and 
platinum united hy 
welding longitudin¬ 

23-23 

10 

lit 

“Twisted and 
ful^d aicel to 

i Eiiitutc DamiU' 
C11H. IP 

ally. 

Small flat plate 0^45' 
X 0-]S' X no' 
with etched surface 
showing n damas¬ 
cene pattern. 

1314 


C. Hi. 


044 


12 

*18 

■36B 

■11 

-oa 
a t4 


(MW 


02 


Ch22 


■itMi 


■rsa 


010 


Total = 162 2flot*. 

* Alter heating to 750°C\ for 33 iriinutes and rolling in fdl\ 
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“ Steel and Alloys” including one. Razor, with their Analyst#, Specific Gravity 
Period 1823. 

condition ; N'os. 8, D uml 10 represent forged material. 


CAi ANAI.TFT3. 


5fn. ClL 


HJ5 


Nil 


m 


PL 


MO 


18 00 


Trscc 


Pit. hil. 


22 70 


1-25 


isa 


Precious metals 
absent. 




07 BO 


70tJ0 

Ol-OO 

7550 

W-30 

00-70 


TutdJ, 


99 520 
00-780 

00-280 

00-080 


ap-icmp 

ORAVirr. 


0-23 

i>sa 

8-22 

7-88 

781 

700 

12-01 

12 70 


TA!f0. 

sum. 

EM. 

5«r 

HlH'k 

laiyr. 

:m3 


a SO 


Jill! 

IFfHLI 

3?5 


BULVEIIt mXffWJm. 


050 

aos.Jiio 

380/892 * 

170,185 

100/140 

137/143 

2111 280 steel por¬ 
tions! 74/02 pick- 
tillliHL 


228/2ft5 steel por¬ 
tions 77/83 pla¬ 
tinum. 


HEsraiFiMM 05T 
wiu?pee. 

Thu wi>rda Ln hiTartcnl 

tOOITTMW apprat la 
ruidiT'B DTTI tlltttf- 

wriitM-t 


“ I 1 " Brad BY-St o- 
dart - Barnard- 
Iiidicm Wwia 
Steel/ 1 No 
wrapper bat 
the rU 7J>r is 

marked m 
sron 

44 Iran with 8 
Rhodium / 1 

41 Steel with Rho¬ 
dium enual 
parts." 

“ Iron with 3 
Niekel" (but 
proved to be 
Palladium), 

[Proved bo be 
1 25 a Rllu- 

rlintn. ) 

“ Pure iron 

fused. 1 * 

No wrapper. 

H Steel and Pin- 
tsna united by 
welding. 11 


00-10 


U0 J 75 


7-75 


232/305 light col¬ 
on ml area, 270 
darker hum Is. 


"Steel Damns” 
(outside). 

Hl Attempt to Imi- 
lutfc Lhimmih 
sted" (inside). 


t The informotion presented In the tast eolumn H included far purpose? of rrenrd, but aa 
explained an the teat, the wrappings of sevend of these specimens have evidently been inter- 
changed at wamr 1 period during the last cenltirv* 
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forged. It will be remembered that* as shown m the author’s 
previous research r this is in accordance with Faraday’s regular 
procedure, some amongst the seventy-nine specimens having been 
of this same form although larger in size. 


Table XDC 

Further Steel Asm Alloys 13 made by Faraday 


Period 1S23 

Balance Sheet relating to the disposal of the 1> Faraday 
steel specimens, also showing the amounL of sice] used in carrying 
out the author's research. 


(A) The total of the w eight of the specimens befo re 

the research was , * . * 168*28 gm. (3$oz.) 

(B) The total of the weight of the specimens 

remaining after the research was , , 143-36 gin. (5 oz r ) 

(1) The following maleriaJ Is still available : 

Per eent. 

(A) Untouched portions of the 
original specimens still 

remaining * * . 141-48 87-18 1 Grams, P« ram* 


(B) Micro section cut off Speci¬ 
men No. 7 * „ PSS 


116 


143 36 


8834 


(2) The following sections (C) and (D) represent material which has been 
used up and is non-rccovemble : 


(C) Drillings (portions of which 

are still available) from 
which 36 analyses were 
made * 11-27 

(D) Waste represented by heat 

scaling also loss due to 
corrosion and in polishing 7-65 


6-95 


4 71 


18-92 


11-06 


Total, representing the original weight of 

the 9 specimens . , . , 102 28 100-06 


Markmg .—Four of these five specimens are marked by Roman 
iminerals, cut into the edge Apparently with a file. Individually 
the visual character of these small st ingots " is as follows :— 
Specimen No. 2 (48-80 per ceiiL Rhodium ),—This specimen has 
most uf its upper surface mirror polished with no sign of rust, and 
is marked IX. The writing on the paper wrapper* which analysis 
subsequently shows clearly has been interchanged and probably 
belongs to Specimen No, 5, says: “Iron with 3 rhodium.” The 





FunrTTElt Sitxy. Sj"iyrraiF*s or 11 StkiO* and Alias ys ” riLkl>Am:i» uv FaIIADAY lfll £MH J 2-fr. 

TntaJ vvi'i^lil r»f Kpcdnu'-m itiS'Sn jjmuiK. 

T]ir' ripKcriplkins nf the h|KN.'i 1 1 mi-. mA eliimn Isy (Use i] i inverted rm minis, llml i*, i:\vr|il iil^ fur 1 -uni 7- nrv from luiradjiy'H 

ilijiry mill in hi* nwn liaLnrlwriMng iJKitnr (hit■ ■ Nn\Tinhur :lrd. tftM (JSJ 
Full aiKiliMih nf ih r £ o Bpwl mr.ii^ wu |nfl!Hi!ij(^ Eel T*kW JCYIl I 


PLATE 1 



| Tu fart p. ”1(3. 


»0. e No. 9 No. 10 

“Twisted and Forged, Steel 

Platirfum & Steel Welded" to imitate Damascus’" 

Tin- <M ifhij|< i.[ .uii'bt)■ -ii i h- iprctatnaM Uniliurn In PluM 1 - XXJX. '.ml XXX- HjmiIuimi S" ? \r IMn’i fruuuun "UmMiH "f IhjIl" 



I’intmiun su-l-i. 



WOOtfc. 


Fia. 12.— Special Majckin^h ox Fauaiiav Kpmur* 


Trj/trrr p, 217.| 
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specimen actually contains 0-012 per cent. carbon T 48-80 per cent, 

rhodium* 

j Specimen No. 8 (48-80 percent. Platinum)* — This also has part of 
its upper surface mirror polished with one small patch of dark 
brown rust. The remainder is rough and unpolished, but bright, 
and showing in ports a dendritic structure* The under surface h 
rough and pitted* The mark in this case is VII., and the wrapper, 
apparently belonging actually to No. 2* bears the description 
“ Steel with rhodium equal parts . 11 The actual composition is 
G*IS per cent, carbon, 48 80 pet cent, platinum. 

Specimen No. 4 (22 70 per cent. Palladium ).—This specimen is 
Hatter in form than the others, arid the lower portion has evidently 
been broken away* The upper surface is mirror polished but badly 
tarnished, specially round the edges and in spots iti the centre 
portion. The sides have also been polished to a less degree, and are 
badly tarnished,. This specimen bears no mark, but the writing 
on the wrapper, which again evidently does not belong to this 
specimen* says “ Iron with 3 Nickel.” The actual composition is 
0-28 per cent, carbon, 22-70 per cent, palladium. 

Specimen No. 5 (1-25 per cent. Rhodium)* —The appearance of 
No. 5 Is very noticeably different from that of the preceding ones. 
Its surface is entirely * ¥ black,” except a smalt portion of the under 
surface, which is bright* The? upper surface bears a pattern which 
may be due to a peculiar formation resulting from the shrinkage 
of the metal in cooling. It seems more probable, however, that 
an attempt has been made by means of a die to impress some 
form of design uti the surface. The serrations round the edge appear 
almost too regular in form and spacing to have been produced 
merely in cooling. 

The bottom surface of the specimen is rather irregular In shape, 
that is, not so well conforming Lo the shape of the inside of an 
ordinary crucible. Possibly in this case the crucible had deformed 
owing to a rather high melting temperature, as appeared to be the 
cose with Specimens Nos. 2/A.2 and I0/B.7 of the earlier research* 
This Specimen No. 5 is marked V. p there is* however, no writing 
on the wrapper. 

Specimen No k fl {Pure Iron Fused)* —The underside of Specimen 
No. 0 is blank, with a number of excrescences aud red-rust patches. 
The upper surface has evidently been polished, but is now con- 
siderably rusted. The mark in this ease is VI. There is no writing 
on the wrapper. 

Specimen No. 7 (Crystalline Carburet of Iron ). — This is also a east 
specimen, rather larger than the foregoing, but its appearance 
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suggests that the metal was in this ease poured out into a crucible 
and .solidified before it could completely take the form of 
the latter, A portion of the specimen has been broken off, the 
fracture having the appearance of cast iron, with patches of 
rust. Otherwise the surface is entirely black, the upper surface 
and hollows being almost entirely rusted over, and the under 
surface rusted in specks. There were no marks on the specimen, 
and no writing on the wrapper* This specimen represented 
Faraday's famous “Crystalline carburet of iron'" referred to 
more fully on pp a 2S5 and 2*0. 

Specimctis Nos. 8 and 9 (Platinum and Steel lYdkfed). —The 
wrapper containing two of the remaining specimens, Nos* 8 and 9* 
bore the words 44 Steel and Platina united by welding/ 1 and the 
specimens themselves arc similar to those referred to in some detail 
in the paper by Stodart and Faraday on 11 Experiments on the Alloys 
of Steel* made with a View to its Improvement/ 1 published in 
1820 in the Quarterly Journal of Science, where it is stated that 
wires of platinum and steel* of about equal diameter, w ere packed 
together and, by an expert workman, w^ere perfectly united by weld¬ 
ing. This was effected with the same facility as could have been 
done w ith steel and iron. On being forged, the surface polished, and 
the steel slightly acted on by an acid, a very novel and beautiful 
surface apjaiured, the steel and platinum forming dark and white 
clouds : they further state that some of the largest of the steel 
clouds had much the appearance of being alloyed with a portion of 
the platinum, and that a more correct survey of the surface, by a 
high magnifying power, went far to confirm this curious fact. 

In Specimens Nos. 8 and 9 the platinum shows up bright in 
contrast with the darker stcoL While generally the lines of 
demarcation between the two metals indicate good welding, at 
several places the junction is somewhat imperfect. Specimen 
No, 8 is distinguished from No. 0 by the junctions being more or 
less transverse to the length, those in No, 9 being longitudinal. 
The cloudy appearance referred to by Faraday is more pronounced 
in No. t> than in No. 8. They are also marked individually II. 
(No* 8), and L (No* 9). 

Specimen No, 10 (jSted to Imitate Damascus), — The wrapper on 
the last specimen, No. 10, bears Lwo written inscriptions. One on 
the outside 44 Steel Dumas/* and the other inside* “ Attempt to 
Imitate Damask Steel.” 

Faraday, in the paper referred to* describes two separate 
methods by which he was able to produce specimens, each having 
on etching with dilute .sulphuric acid a beautiful damask. 

One of these methods consisted in fusing 44 good steel ” with 
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a small proportion of 11 alominc alloy,” and forging the button 
obtained. The alumine alloy had previously been produced hy 
heating together iron carburet and pure alumina. 

In the other case a similar procedure was adopted, but in the 
place of the alumine alloy, part of a button of merufechanitc was 
fused with the steel. This button was the result of heating 
menachanite with cliareoal in an attempt to reduce the titanium. 
In neither of these accounts is there, however, any reference to 
twisting of the material such as appears in the description of the 
specimen in Faraday’s Diary, The actual method of its production 
is therefore in some doubt. 

This specimen, as Plate L. shows, has one flat surface, polished 
and etched, displaying a distinct damask pattern. One edge, which 
is not seen in the photograph, is also prepared in the same way, 
but the pattern in Lhat appears less distinct. The remainder of 
the surface is rough and with rust patches, which also appear on 
the edges of the damask portion. The mark on th i s specimen is III. 

Chemical Analyses and Physical, Tests 

Difficulties Encountered .—Such small specimens offered even 
more difficulty in conducting analyses and tests upon them than 
the collection of seventy-nine specimens—all of which, with the 
exception of specimens Nos. 1/A.l, 2/A.2 and 3/A.3, were in the 
forged condition—examined in the previous part of the auLhor's 
research. Nevertheless, quite a useful amount of information 
has been obtained, thirty-six separate analyses being carried out, 
as shown in Table XX. 

Besides chemical analyses on Specimens Nos. 2 to T, also No, 10, 
micro examination and tests for specific gravity and hardness 
were made upon all the specimens, Nos, 2 to 7 being in the 
cast condition. Indications as regards resistance to corrosion 
rind to heat sealing have also been obtained in the case of Speci¬ 
mens 2, 3 and 1. Naturally, Specimens 8, 9 and 10, representing 
attempts to weld platinum to steel, also to imitate damascene 
steel, did nut call for quite the same methods of examination as 
the rest, and no chemical analysis has for the present been made 
of Nos. 8 and 0. 

Methods Adopted .—In the chemical analysis, the experience 
gained in the larger research was of considerable value, but the 
analysis of the alloys with high percentages of rhodium, platinum 
and palladium called for some modification of the methods previously 
used, due in the first place to the insolubility of these alloys in 
dilute sulphuric acid. It may be of Interest, therefore, to describe 
briefly the procedure actually adopted for these richer alloys. 
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Owing to the very Limited amount of material available, the 
whole of the nine specimens only weighing 162-28 grams (5$ oz.), 
the determinations of iron and of the precious metals were carried 
out on the same accurately weighed portion of sample, obtained 
in Like form of drillings. About 0 i 3 gram of sample was dissolved 
in aqua regia. 7 e.c. of concentrated sulphuric add added, and the 

Tabus XX 

Numnah of Analyses made on the Nine Further “ Steel 
and Alloys " Specimens made by Faraday 

Period 1823 


Details of the number of different determinations making tip the 
toLal of 36 analyses carried out. 




Chtek 

Analyses, 

Total. 

CnrWm , 





7 

3 

10 

Silicon , 
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3 

Phosphorus 





n 

% 

4 

Mtmpnf&e 



F 


*2 


*2 

Copper „ 





1 


1 

Aluminium 



. 


I 


1 

Titanium 





1 


1 

Platinum 





2 


*2 

Palladium 





I 


1 

Rhodium 





fj 

1 

3 

Scorn 





I 


] 

Iron 



- 

- 


l 

T 






SO 

G 

3$ 


solution evaporated to fumes. The hulk was then brought to 
100 e,e. with water, and 20 e.e. of 5 per cent, sulphurous acid solution 
added. The liquid, in each case, remained clear on boiling, proving 
the absence of gold. 

To avoid a bulky precipitate with hydrogen sulphide, 2 grams 
of metallic me were now added to precipitate most of the metals 
of that group, and 3 e.c. of concentrated sulphuric aeid added to 
compensate for the arid neutralised by the zinc. The bulk was 
adjusted to 330 e.c. with distilled water, hydrogen sulphide passed 
to complete the precipitation, the liquid brought to simmering, 
then cooled, filtered, and washed with 2 per cent, sulphuric acid 
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containing H^S. The filtrate was again saturated with H E S and 
the solution boiled free from the gas, cooled and titrated with 
N/20 potassium permanganate. The weight of iron thus accounted 
for was corrected for the traces of iron contained in the zinc and 
retained by the IL8 precipitate. 

To make sure that nil precious metal had been removed by 
the H^S, the solutions after titration were rendered alkaline 
with sodium hydroxide, again gassed with HjS r mid afterwards 
rendered acid with sulphuric acid. In No* *2, a further quantity 
was obtained, but not in No. 3 or No. 4. The hydrogen sulphide 
precipitates, including the further precipitate in the case of No. 5; 
were gently ignited. The residues were boiled with a little hydro- 
chloric acid. No. 2 and No, S were scarcely attacked, only traces 
of iron being extracted by this treatment. The amounts were 
determined and added to the iron figures. The metallic residues 
from No. 2 and No, 3 were then gently ignited in nir r reduced in 
hydrogen, and weighed. 

The residue from No. 2 proved to l>e unattached by dilute aqua 
regia, but an appreciable amount was dissolved by strong aqua 
regia, giving a pink solution, indicating rhodium. This solution 
was tested in portions for platinum and for palladium and silver by 
the ammonium chloride and potassium iodide tests respectively. 
Platinum, palladium and silver were proved absent. A portion 
of the main precipitate was fused with potassium hydrogen 
sulphate. The metal was completely attacked, and the dissolved 
sulphate gave the characteristic pink colour with hydrochloric 
acid ? confirming rhodium. 

The metallic residue from No. 3 was certainly attacked by 
dilute aqua xegiu T but as the action was slow, the concentration 
of the aqua regia was increased. Complete solution was obtained. 
A portion of the solution was tested w r ith the potassium iodide test, 
proving the absence of silver and palladium. Another portion was 
tested with ammonium chloride, the pure yellow colour of the 
precipitate obtained indicating platinum and the absence of 
rhodium and iridium. 

The residue from No. 4 proved to l>e partly soluble m hydro¬ 
chloric acid, and after addition of dilute aqua regia was readily 
dissolved, giving a reddish-brown solution, suggesting the presence 
of palladiumi The solution was evaporated to a syrup and diluted. 
Silver was proved to be absent. Tile acidity was adjusted to 20 per 
cent, concentrated hydrochloric acid by volume, and IQ per cent, 
solution of potassium iodide added until no further precipitate was 
produced. The solution was boiled, cooled, and filtered. The black 
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precipitate of pnlladous iodide was washed with 5 per cent, hydro¬ 
chloric acid* dried, ignited in nir, and coal gas passed into the 
crucible while hot. After cooling, the metallic residue was weighed 
as palladium. 

The filtrate from the palladium iodide was examined Mid a 
further 0 0014 gram of precious metal recovered—equal to 0-50 per 
cent, ou 0-280 gram. In addition, a small percentage of copper, 
which amounted to 0-80 per cent., was separated. 

The method for the determination of alumina and slag, or 
41 Scoria,” in specimen No. 10 representing an attempt by Faraday 
to imitate damask, with also the procedure for the determination 
of aluminium or titanium was as follows :— 

One gram of drillings was dissolved in dilute nitric acid, 
sp. gr* 1-16, at about 90° C +t diluted with water, and filtered* 
The residue was washed free from iron with 5 per cent, nitric 
acid and water* ignited and weighed. The amount obtained was 
so small that the separation of alumina from it was not proceeded 
with. 

To the filtrate from the 14 scoria " obtained as above, 10 e.c, 
of hydrochloric acid were added and the solution evaporated to 
dryness, the residue baked, cooled and rcdissolved in hydro¬ 
chloric acid, nnd the silica removed by filtration. The filtrate 
from the silica was neutralised with ammonia, and 30 c H c. of a 
saturated solution of sulphurous acid in water were added* The 
excess SO s was boiled off, then 2 c.c* of 10 per cent* ammonium 
phosphate along wilh 10 grams of sodium thiosulphate added, 
and boiled for three minutes* Five c*e* of acetic acid were then 
added, and the boiling continued for a further twenty minutes. 
The solution was filtered and washed, ignited and weighed. The 
weight obtained was only 1 mg., so the determination was not 
further proceeded with. 

The samples for chemical analysis were all obtained by drilling. 

Results nf Analyses .—-The results of these analyses are given in 
Table XVIII, Specimens Nos, 2 t 3 and 4 proved to be particularly 
interesting, as being representative of the high percentage alloys 
of iron with the precious metals rhodium, platinum and palladium, 
referred to by Faraday as having been made by him, although not 
found among the specimens which had been preserved in the 
wooden box at the Royal Institution. 

Specimen No* J5 is also alloyed with rhodium* but only in the 
comparatively small amount of 1-2 5 per cent., while No* G is quite 
unalloyed. Nevertheless, as shown later, this is most interesting, 
representing, as it does, 11 pure iron(the term adopted by 
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Faraday), which he had melted, a remarkable feat for him to 
accomplish with his little 14 blast furnace/ 1 calling, as it did, for 
an extremely high temperature. 

AH these “ ingots 11 are well melted and are remarkably low in 
their carbon content, which adds still further to our admiration 
for Faraday's skill in this direction, of which there were indications 
in the previous research, notably in the ease of Specimen 31/D.4* 
containing 2 25 per cent, platinum and only 0-07 per cent, carbon. 
These steel alloys low in carbon would require much higher melting 
temperature and much skill would be needed to avoid the absorp¬ 
tion of carbon and to produce sound material. It must be 
remembered Faraday had no help to effect soundness such as 
the use of silicon, aluminium or manganese in the form of ferr© 
alloys. 

After a very full and careful examination of Specimen Nik 10 
by the method just described, no aluminium or titanium were 
found to be present, and only about 0 20 per cent* of scoria. The 
actual analysis gives the following results - 

CL Si, P. Scoria. AL TL Fe. Total* 
(approx.) 

0-33 0 22 0-10 0 2Q Nil Nil 901 99 75 % 

Five holes were drilled in the specimen, and in drilling the middle 
one it was noticed that the metal was distinctly harrier than in 
the case of the other portions. 

Specimens Agree with Descriptions in Faraday's Diary .—It 
became clear from the analyses that, in view of Faraday^ marking 
in Roman numerals, and the description on some of the wrappers, 
there must be a definite connection between the specimens and 
those catalogued also under Roman numerals in Faraday's diary 
under the date November 3rd. 1823. 

In Table XVIII. the descriptions in the diary have l>een asso¬ 
ciated with the seven specimens bearing the correspond irig marks. 
While the agreement is not perfect it is sufficiently so to leave no 
doubt that these specimens are the actual ones referred to in the 
diary* This enables the author to add that in regard to the various 
dements which Faraday stated he had used in making these 
alloys, these results, with but two exceptions, complete the 
records given by Faraday in his papers, a really remarkable result 
in view of the long interval of time—over a century—since the 
steel specimens were made and the many dangers and risks they 
must have run of becoming lost. The differences are that 
Specimens VIL and IX. arc indicated as alloys of steel though 
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their low carbon dearly shows on iron base to have been used. 
The actual perce ntages of platinum and rhodium respectively, 
however, agree closely with the description. No. V. also shows only 
1-25 per cent, of rhodium in place of the 3 per cent, in the descrip¬ 
tion, the latter naturally having reference to the amount added. 
This may possibly be explained by an excessive loss of rhodium 
in melting. 

Specimens VTIL (steel 20 T platinum 80), and VI. (iron with 3 
nickel), however, are not found among the present ooHectioii, their 
place having been taken by an alloy of iron with 22'70 per cent* of 
palladium (author's Sped men No. 4} and a fragment of cast iron 
(author's Specimen No* 7) P The absence of the 8D per cent, platinum 
alloy is also to be regretted, but as a substitute the palladium alloy 
is specially welcome, since it increases to eight the number of special 
metallic elements alloyed with iron found among the alloys now 
remaining which have been made by Faraday. None of the 
previous -specimens examined by the author has been found to 
contain palladium. 

Tabic XVIII. further shows the fact previously mentioned, that 
some of the wrappers as handed to the author have at some time 
been interchanged, a fact which is perhaps not surprising in view of 
the similarity in form of several of the specimens. 

Although the specimens were small they afforded a means of 
obtaining some idea of quite a number of physical characteristics 
of such alloys in a more definite way than was possible with the 
limited facilities available when Faraday was carrying out his 
researches, 

Spedjk Gravity ^—The determination of specific gravity, which 
was made on all the specimens, actually preceded the chemical 
analysis, and was carried out upon each of the specimens as a 
whole* In the case of Nos, S anti 9, the figures obtained are of 
course more properly dcscril>cd as their average densities. These 
results are presented m Tabic XYTTI. As a matter of interest 
they may be compared with Faraday’s data in Table I. on 

p. 121. 

Hardness.- Hardness tests were made on all the specimens 
bv the Diamond Pyramid method, using a load of 10 kilos. 
The figures obtained liave been converted into the Brineli scale 
by means of a calibration of the apparatus made for that 
purpose, as in the ease of the tests on the 70 specimens, 
p. 175. 

Additional hardness figures were obtained on Specimens Nos. 2, 
3 and 4 after they had been heated to 7oO n C* for the purpose of 
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ascertaining their degree of resistance to heat sealing, and the 
figures will be found recorded In Table XVTXL 

Magnetic Quality .—All the specimens are magnetic, this being 
understood, of course, as regards the welded specimens to apply 
only to the steel portions. 

The form and size of these specimens, and their variation from 
one to another, made a precise comparison of their magnetic 
properties rather difficult, and still more so any attempt to obtain 
accurately their specific magnetism. 

This difficulty was met as far as possible, and figures obtained 
in the following way: The specimens of real interest were the 
alloys Nos. S, 3 t 1 and 5, A specimen of Swedish Charcoal Iron 
(S.C.I.), 9&-S5 percent. Fe, was prepared nearly similar in form 
and size n-* possible to each of these specimens. Each .specimen 
was hung on a spring balance in a position on the axis nf, and just 
outside n vertical cylindrical solenoid, and the magnetic pull on 
the specimens compared with that of the corresponding specimen 
of S.C.L 

The si ! maid was of 1 inch internal diameter and 18 inches in 
length, and with the current used gave n magnetic field at iLs 
centre of 1,700 CGS units. Both the position of the specimen on 
the i\h is and its orientation were chosen so as to give the maximum 
pulL The slight difference in volume between the actual specimen 
and its corresponding piece in £ AVI. was corrected for hy applying 
the theoretical law that the pull varies as the 3 2 power of the 
volume. Preliminary experiments had shown this law to hold 
closely. 

Corrected in this way Lhe magnetic pull on the four specimens, 
Xos. 2, 3. 4 and 5, was 102^ 48, 02 and 02 respectively, taking the 
pull on SAM- as 100. The respective specific magnetisms, taiken 
as proportionate to the square root of the pulling force, are there¬ 
fore as follows : No. 2, 101; No. 5, CD ; No. 4 T 96 ; No. 5 t 90, 

Thus it will be seen that rather surprisingly the 48*8 per cent 
rhodium alloy No. 2, and the 22-70 per cent, palladium alloy No, 4 t 
notwithstanding their high percentages of these alloying elements, 
have a specific magnetism approximating to that of pure iron. 
No. with 48-60 per cent, platinum is* however, definitely less 
magnetic than iron, reaching only 69 per cent. No, 5, which 
contains only 1-25 per cent, rhodium, gives a figure which„ ns 
might be expected, is not far short of that of pure iron. 

Exact accuracy is naturally not claimed for these figures, and the 
rather surprising results obtained need confirmation by accurately 
made tests with special and suitably prepared specimens. It may be 
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said, however, that a rough check made with a hand magnet by 
applying it to the specimens* and also to the if coiin ter parts in 
S.C.I. in a precisely similar manner, gave quite similar indications 
Rtintftmeg to Common .—By reason of the small amount of 
material available, the tests for corrodibility had of necessity to 
be of a simple character. On the other hand, they were all parti¬ 
cularly interesting, specially as it was thought these specimens 
might represent those alloys of which Faraday had spoken ns 
possessing considerable resistance to common effects. As regards 
one of them, No. 2 S it will be seen from the results of the authors 
tests that this specially proved to be the case. 

These corrosion experiments were confined to the highly alloyed 
Specimens Nos. 2 (Hh), 3 (Ft) and 4 (Fd). The intention wiu* to 
ascertain whether any of them showed any outstanding properties 
in this direct inn, rather than to attempt to assess those properties 
accurately, bearing too in mind the small nature of the specimens. 

Atm&tpkma Conditions . — The specimens, which were re polished, 
were placed with the polished surfaces uppermost mi a rubber 
pud* and exposed over the week-end (forty-eight hours) to the 
industrial atmosphere of Attercliffe, Sheffield* The weather was 
showery* the rain being heavy at times. (August* 1981 l) 

Observations were confined to a visual inspection of the surfaces 
after exposure, these being as follows :— 

No. 2 (-12 per cent. CL* 48-8 per cent. Rh) had a rust stain on 
the edge, about f inch long by l inch wide, but was otherwise 
unaffected* It is quite possible that there may have been some 
physical reason for the slight attack at one spot * No. S (IS per 
cent CL, 4S'G0 per cent. FI) had similar rust stains at several 
places. In striking contrast was No. 4 (-28 per cent. CL T + 8u per 
cent. Cu, 22 70 per cent* Pd) t which hurl rusted over completely 
and evenly. 

For comparison it may be stated that under similar conditions 
of exposure a polished surface either of high chromium steel or of 
the most modem nickel-chromium type of corrosion-resisting steel 
remains unaffected. 

Remits Obtained .—It is interesting to compare the behaviour of 
the alloys in this test with their recorded conditions as received by 
the author. When this is done it will be seen that on the whole 
the indications are similar as regards Nos* 2 and 3* although very 
markedly different in the case of No* 4* No* 2 as received was quite 
free from rust spots, while No. 3 had only one small patch of dark- 
brown rust* comparing with the completely rusted condition of the 
melted iron specimen No. 6. No. L on the other hand* which has 
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rusted badly in the present test, while rusted in patches, was 
decidedly superior to No* © tn its condition as received. It is not 
safe, of course, to assume that during the intervening period of 
years these specimens had received equality of treatment, and too 
much reliance must not therefore be placed on tills comparison. 

Faraday’s own observation is that equal parts by weight of steel 
and rhodium gave an ingot, which, when polished, exhibited a 
surface of the most exquisite beauty : the colour of this specimen 
is the finest imaginable for a metallic mirror, nor does it tarnish by 
long exposure to the atmosphere. He also stated that the same 
proportion of steel and platinum gave a good ingot, hut a surface 
highly crystalline which rendered it unfit for a mirror. 

This seems to provide further evidence that the two specimens 
Nos. 2 and 3, notwithstanding their low carbon and their descrip¬ 
tions in the diary (under date November 3rd, 1323) as steel alloys* 
are the identical ones referred to under the numbers IX. and VII., 
which marks they bear. Reference to the descriptions of the 
specimens as received by the author shows that No. 2 (48 + S per 
cent. Rh} had a clear polished surface, while No. 3 (48-5 per cent. 
Pt) had a dendritic structure which may quite well lie the highly 
crystalline surface referred to by Faraday. 

Sea-xemter Tests *—The interesting results under atmospheric 
exposure encouraged the author to try the resistance of these three 
alloys against sea-water, usually a rather potent corrosive agent. 
AfLer polishing, they were each immersed in separate beakers in 
100 c.c. of a © per cent , solution of Tjdmtm's Sea Salt and left for 
forty-eight hours at mom temperature. No. 2 (48*8 per cent* Eh) 
again showed the best result, the liquid after the test having very 
little sediment, w hile except for a small yellow stain on the polished 
surface the specimen was free from rust. 

No. 3 (48-6 per cent. Ptj was stained over about half its polished 
surface, the remaining half being quite bright. There was, how¬ 
ever, considerable sediment, due mainly to corrosion of the under 
surface of the specimen* In this respect No. 2 had an advan¬ 
tage! since its under surface is smoother and therefore less liable 
to attack. On the whole, however, the rhodium alloy, as in the 
case of atmospheric corrosion, appears to offer more resistance to 
the attack of sea-water than the corresponding platinum alloy* 
Both, however, so far as this short period test can indicate, show 
a creditable behaviour in this rather searching medium. 

The relative performance of the palladium ahoy No. 4 (22-70 Pd) 
is in marked contrast with its behaviour under atmospheric 
exposure. After the sea-water test about three-quarters of its 
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upper polished surface was cove red with red msf, which could be 
easily rinsed off. The remainder of the polished surface remained 
untarnished. The comparatively smooth under surface and edges 
were generally tarnished. Tlie amount of sediment f although 
considerable, was actually leas than for the platinum allay, not¬ 
withstanding the greater surface exposed to attack in this case. 

Resistance to Acids, — -As regards resistance to adds, the indica¬ 
tion was obtained during the procedure for chemical analysis, that 
alloys Nos. 2 and containing 48 per cent, of Rh and Pt respec¬ 
tively, were not readily attacked by any single acid t and had 
therefore to be dissolved in aqua regia. The remaining analysed 
specimens, Nos* 4 to 7, did not present any difficulty- As regards 
platinum, this is specially interesting, in view of the behaviour in 
contrast with its low percentage alloys with iron and steel noted 
in the earlier research. These, it will l>e remembered, dissolved in 
warm dilute sulphuric acid in a remarkably rapid manner, a feet 
previously noted by Faraday- It should be noted, however, (hat 
the same remark does not apply to the rhodium steel. 

To follow' up the indications obtained in the procedure for 
analysis the author, utilising auch simple means as were possible, 
carried tint some definite tests on a few drillings from Specimens 2 T 
3 and 4 in the more ordinary mineral acids as fellows 

A few fine drillings were weighed and immersed for one hour in 
40 e.c. of each acid, (a) at room temperature, (/j) boiling. The 
acid solutions we re diluted and filtered ; the residues dried and 
weighed. The filtrates were evaporated to fumes with sulphuric 
acid, cooled, diluted, and tested for both iron mid the precious 
metal concerned* The results are given in Table XXI. 

Results Obtained *—It will he noticed that the rhodium steel 
ahoy No. 2 shows no Joss of weight in either sulphuric add test, 
cold or boiling, or in the nitric add test;, cold. There is, however, 
a slight attack of the alloy in each case during the period of one 
houris attack- Had this period been prolonged there would no 
doubt have been an appreciable loss of weight. It is therefore 
safe to say that not one of the alloys is absolutely proof against 
any of these acids and their resistance does not approach that 
of pure platinum ; even in aqua regia the latter dissolves more 
slowly. 

Nevertheless, these results show the iron-rhodium alloy No. 2 
to have acid-resisting properties of definite merit, particularly 
against sulphuric and nitric adds- As regards the formers that is, 
sulphuric acid, this chemical agent provides a severe test for even 
the most modern ferrous alloys. Such allays are, however obtain- 
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able with complete resistance to nitric acid in all concentration* 
and at all temperatures, With hydrochloric aeEd s another chemical 
agent which is specially active with ferrous alloys, there is appre¬ 
ciable attack on the rhodium alloy f specially in boiling solution. 
It is interesting to note that, although against atmospheric 
corrosion this rhodium alloy is somewhat inferior to modem high 

Table XXI 

Resistance to Mineral Acids 


SpGnSnirn T^p. 

At Ita TEip|Kpiiiii r 

In Bcdllng Adtil. 





StuuLRic Acid, Sp. On, 1-2*1. 


2, 

{4S-SQ% Uh) 

u. 

{4H 0Q% PL) 


4, 

(22-70% Pd) 


Faint tnir*? of iron tn si In Lion. 
No Lons iii weight of drillmg*- 
Traee of Iron m hjIuUoii. No 
prcooui; metal. Loss in wriglit t 
«%* 

Horn# Iraq in solution, bnt nn 
precious metal. Lems in 
weight, 29%. 


I,.l mi! LnRv of item in seiLhUiid. 

No loss in weight* 

Fair amount of mn in solutkiD, 
but iio ptrciniLs mctnL Less in 
W right, 212%, 

Similar tn No. S r Lrjs* in 
weight, 28%* 


(4S ith) 

3. 

(4*TO% PfcJ 

4- 

(£3’70% Pd) 


2. 

(49 BO % IUiJ 

3. 

(48 00% Ft) 

4. 

(22-70% Pd) 


[[voRociTLOitic Ann, £ 

A little irnn in snlutlnn iind a. 
tr^re of pndoua metal, t/ws 
in weight, 4 %. 

SiiijJJ £tmuuc]ti uf irun iind Jite-- 
ciaus metal dissolved. Lnd£ m 
weight, 24 %* 

Smnli amount of iron :ind traec 
of puseiou* metal dL<wIved, 
in wright^ 10%. 

Nitmc Acid, Sr. C 

Only faint t hr of iron in lotu- 
lion, Los* in weight, nil. 

Trut-o* of imEi only, in Molutiun. 
Loss in weight, J0%* 

.-MmosL cample tel y dkadved. 
Only tnuxs of residue left. 


\ On. M* 

SnmO EiiiiDUuh of iron uud pfe- 
ctona metal diinnlvfd, [j*m in 
weight P 20%. 

Similar to No. 2 . in ueight, 

20 ' ■ 

Smnil amniml ijf iron nrn| truces 
of precious metal dissolved. 
Loss In weight, 14%. 

ft. 1-2. 

Traces of iron only, ui soInLiun, 
Lass In wdght, 4 "4, 

Fair amomit nf irnn Lind ^rm- 
precious metal in &oEut ion. I .us* 
in weight. 40 %. 

Complete sultttkm. 


eluomium-mckel alloys of iron containing IS to 20 per cent, 
chromium and S to 10 per cent, of nickel, ILs resistance to nitric 
acid is not so good. On the other hand, in its resistance to hydro* 
chloric and sulphuric acids it is definitely better. Further tests 
have confirmed these results. 

The result* for the platinum alloy No. 3 are also, in the light of 
the period at which it was made, undoubtedly good. It is, however, 
not up to the standard of the rhodium alloy. It is curious to note 
that in this case the results are about the same in each (hot) acid, 
although the sulphuric acid test was distinguished from the others 
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by the fact that none of the precious metal (platinum) was found 
in the solutions, 

Tlie palladium alloy No. 4 is, as already noticed in the procedure 
for chemical analysis, definitely inferior to the others in its resist¬ 
ance generally to these acids. Its best result is, curiously enough, 
with hydioeldorlc acid, against which it is, in Fact, superior to the 
platinum alloy, It is, however, readily soluble in nitric acid. 

These alloys were further tested in a number of fruit juices, 
namely, lemon, plum and tomato juices, with the result that 


Table XXII 
Resistance to Heat Seating 


SpfrL'imcn No, 

In 

BrinrJJ 

HurditHi 

aftejr 

J lent Lu|f, 

% of 

un^iiml 

weight. 

per MW 
rug, cm, of 
nurfarc 
EYpDMcL 

2. ('12% C, 48-80% Rh) . 

0-19 

0‘20 

392, 410 

S. (-18% C. 48-60% Pt) . 

0-27 

0 30 

250, 250 

4, {-28 % C-80% Cu. 23-70 % Pd) 

0-92 

0-93 

392, eso 

For comparison :— 




Mild steel .... 

. _ 

0 50 


Heat-resisting steel of modern 




type - 

— 

c 0-02 



neither the rhodium nor the platinum alloys Nos. 2 and 3 was 
stained. Each of these juices, as Is well known, badly stains an 
ordinary carbon steel knife blade in a few moments. The iron- 
palladium alloy No. 4, however, was found to be stained slightly, 
but not nearly to the same degree as ordinary carbon steel. 

Resistance to Heat Scaling .—A simple test for resistance to 
atmospheric oxidation at a red licat was also applied to the same 
alloys, The repolished specimens, after weighing, were placed in 
a silica lube, which was already heated to 750° C., and was open to 
the air at both ends. After the specimens had reached temperature, 
they were allowed to remain in the tube for fifteen minutes, then 
withdrawn and cooled in air. 

Each of the alloys was covered with a dark grey scale, and it 
was evident therefore that none had special claims as a heat- 
resisting material. 
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The scale was easily removed with the aid of a hard soap end 
water* after which the specimens were dried and re weighed. The 
losses in weight* in terms both of the original weight and of the 
exposed surface, are shown in Table XXII, 

MttoUographic El? n mi nation. —In all eases except Specimen 
No, 7, it was found possible to make this examination by polishing 
and etching a portion of the surface without cutting a section 
specially for the purpose* The normal procedure as desctilied in 
the main research served in all eases except for Specimens Xos. 2 
and 8, the etching reagent being dilute nitric add* These two 
specimens, however, required aqua regia* 

Fn the cast* of Specimens Nos. 8 and 9, on etching only the steel 
was affected, the platinum portions Vicing unattached. 

The examination was marie in every ease on the specimen* n\ 
received by the author, without further heat treatment* 

A description of the micros! ructure appears in Table XXILI + 
those of the alloys Xos. 2 + 3 t L and 10 being reproduced in Plates LI 
and LIL 

Bincu&sim of the Results .—In summing up the information 
obtained from this research, as shown in Tables XVIIE, XXL 
XXII and XXIlI t the various specimens will be dealt with 
Individually, ns follows :—- 

No t 2 (Q 12 percent, C., 18-80 per cent. Rh), —One noticeable 
Feature of this specimen was its hardness. Although normally a 
steel of 350 Brinell hardness can be machined by modem tools 
without much trouble, it was only with the greatest difficulty that 
Ibis alloy could be drilled. In this respect it has something of the 
character of manganese steel* the material glaring under the tool. 
Whether due to the same cause* Lliat is, a special capacity for 
hardening under the effects of deformation, was not readily 
ascertainable with such limited material. 

As regards specifie gravity* it is interesting to note that Faraday 
makes special mention of the figure he obtained, namely* 9-170, for 
an alloy obtained by melting equal parts of steel and rhodium (see 
Table I, p. 121). The figure is thus not far different from that of 
the present alloy, namely, 9*22, although the low carbon shows 
this has obviously been prepared from an iron base* 

Taking the specific gravity of iron and of rhodium as 7-82 and 
12-50 respectively* the calculated specific gravity of this present 
alloy would be 10-0B. Thus, n volume expansion of something 
like 0 per cent, must have occurred on alloying. 

This alloy offers a remarkable resistance to attack by acids, in 
some respects better than the most modem ferrous acid resisting 



Table XXIII 

MetdRographie Examination of tine Nine further Specimen* of Faraday's "Sled ami Alloys” 

The specimens were examined in the condition as received by the author. 
pecmicns Nos. a, a. 4, 5 , I? and 7 arc in ( lie cast condition ; Vn.s. a . 9 and 10 represent forged mult-rml. 
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materials. Its res 1st ante to the ordinary form of atmospheric 
corrosion is also remarkably good, and although there are nowadays 
still better and less expensive alloys, Faraday had undoubtedly 
achieved in the present alloy a distinct advance; that is, ii 
material considerably cheaper than the precious metals, while 
sacrificing only a little of their nan-corrodibility. 

Another special feature of this high percentage rhodium alloy 
is the high value of its specific magnetism, practically the same, 
in fact -slightly greater than that of pure iron, Tfc» result is so 
extraordinary as to require confirmation by tests on specimens 
specially prepured and more suitable for magnetic testing. 

This alloy does not possess any special property in “he way 
of resistance to oxidation at high temperatures. 

The duplex character of the mi ('restructure is somewhat difficult 
to interpret in the presence of carbon, which, though very small in 
amount, is visible as a distinct constituent. It is possible that the 
darker portions seen in the photomicrograph shown in Plate LI. 
probably the first ever made of such a composition, differ from 
the lighter grains which are not etched by aqua regia, merely in 
their concentration of carbon. 

It is more probable, however, that these represent a true duplex 
constitution, with the formation of inter-metallic compounds of 
rhodium aud iron. 

No. 3 (018 per cent. C., 48 00 per cent. Pi).—This specimen forms 
an excellent parallel with No. a, in which instead of platinum 
there is a similar percentage of rhodium, both having low 
carbon. 

The Brinell hardness (3G5-340) of tills platinum alloy is slight!v 
lower, and it was not quite so difficult to drill, although showing 
the same characteristic of glazing under the action of the drill. " 

The figure 9-83 obtained for the specific gravity is somewhat 
lower than the true value, the drill hole having disclosed some 
internal cavities, A further determination made on the drilled 
specimen after heating to 7S0 6 C. for fifteen minutes, the micro- 
structure remaining practically unaltered, gave 10 - 75 . The 
calculated specific gravity, taking iron as 7*82 and platinum as 
21*50, is 14 45, As in the case of the rhodium alloy, there has 
therefore been a volume expansion on alloying, which calculation 
m this case shows to be as much as 34 per cent. It seems probable 
that drilling had not opened all the internal cavities, the specific 
gravity figure of 10-75 on which the calculation of expansion was 
based being thus still too low. 

Faraday gives the specific gravity of the alloy with equal parts 
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of steel and platinum as 9-802, showing his accuracy of examination 
now checked some 110 years later. 

The remarks made with regard to the resistance to corrosion 
and heat scaling of the rhodium alloy No. 2 apply generally to the 
present specimen, though to a less degree. That is, the addition 
of platinum is not so effective as that of rhodium. 

The micros tract ure of this alloy seen in Plate LI is in distinct 
contrast to that of No. 2 (Plate LI), having a simple structure of 
grains* each subdivided into smaller grains, with carbide in the grain 
junctions. There is no indication here of a true duplex structure. 

No. 4 (0*28 pi?r cent. (7. f 0-80 per cent Cu T 22-70 per cent Fd ).—* 
The presence of copper in this alloy to the amount of 0*80 per cent, 
is somewhat difficult to account for. It would hardly seem to 
represent a deliberate addition, since no important effects are to 
be expected from it in view-of the much larger percentage, 22-70, of 
palladium present* It seems equally improbable that copper, 
except in a much smaller percentage, could be added accidentally, 
even as an impurity in the constituents of the mixture- In 
studying the results, however, due account has been taken of its 
presence. 

The hardness of the alloy, 386-392, constitutes a still further 
example of comparatively high hardness in alloys of iron with 
elements which are themselves not specially hard. The hardness 
of palladium is about 60. 

The calculated specific gravity of the alloy, taking palladium as 
120, is 8-728, which, when related to the actual sped lie gravity, 
0-22, indicates a volume expansion on alloying of fi-2 per cent. 

Palladium, in contrast with rhodium and platinum* it is clear, 
does not confer resistance to acids, except against hydrochloric 
add, or to atmospheric corrosion, though it is similar in its absence 
of a material influence on the resistance of sled to heat sealing. 
As with tiie high percentage rhodium alloy No* 2 P this palladium 
alloy appears to have an extraordinarily high specific magnetism, 
a fact which should, however, be confirmed by tests on specially 
prepared specimens more suitable for a magnetic test. 

The micros true ture (Plate LI I) is also quite different from Lhat 
of the alloys of platinum and rhodium, although some reservation 
is necessary on this point owing to differences in the percentage 
compositions. 

No* 5 (0-11 per cent. C. f 1-25 per cent Eft}*—The interest m this 
alloy is -somewhat less than it would otherwise have been, since 
among the seventy-nine specimens in the earlier research were 
three with a similar small percentage of rhodium* All the latter 
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were* however, high in carbon (0-92 per cent, to 1-33 per cent*). 
Close comparison of their characteristics is not possible as they wore 
in the forced, not in the cast, condition, as the specimens now 
described. 

The rather high figure of 0106 per cent, for phosphorus in the 
present specimen is a dear indication that wrought iron has been 
used as the base. 

The peculiar pattern on the upper surface of this specimen is to 
be noted, but in the absence of any reference by Faraday to 
attempts by him to produce patterns on his ingots, nothing of 
definite nature can be said further on tins point. 

No. 6* “ Pure Iron Fused ™ —The special interest in this speci¬ 
men is that it still further demonstrates Faraday's shill in melting 
unalloyed Iron, providing an excellent standard test in this respect. 
This 11 pure iron/ 1 with its low figure of 0-053 per cent, phosphorus, 
confirms that in this case Faraday employed iron which was 
certainly purer than the base used in making the majority of his 
Jow carbon alloys* However low the carbon may have been in this 
purer iron, Faraday has undoubtedly added to it little or nothing 
in his melting operation, as shown by the very low figure, namely, 
OQ7 per cent., in his melted product, representing undoubtedly a 
metallurgical feat at the time he made these experiemts, 1810 "1824, 
and seeing the comparatively crude equipment with which he did 
the work. Only those who have to handle “ iron/’ that is to say, 
SKM)5 per cent., in the molten condition know how difficult thb is. 
It b true the modem high-frequency furnace overcomes some of 
these difficulties, but not all, because of the avidity with which 
such iron absorbs gas. 

No . 7. “ Crystalline Carburet of Iron ™—If this specimen repre¬ 
sents, as the author feels it does, Farad ay famous “ crystalline 
carburet of iron/ 1 it is an important specimen. Further tests are 
in hand. 

This product was highly regarded in a special article appearing 
about that time in the Proceedings of the Society d’Encouragement 
pour ^Industrie National*, Paris. In their Bulletin Vingtieme 
Annce (No. CCX), December, 1821, it b stated that « Messrs. 
Stodart and Faraday have given us the first analysis of Moots* 
and to whom wc equally owe our knowledge of alloy steels and 
notably of the combination of steel and of a carburet of iron/ 1 

Faraday also dealt with this subject fully in his important 
letter to Professor Gaspard de la Hive at Geneva, dated June 26th, 
1820, as shown on p* 122 of this book. 
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S and 9. “ Platinum and Steel Welded ™— The effectiveness 
°f the welding lias been confirmed by the micro examination, the 
steel used proving to be about 0-8 per cent, carbon. There is no 
evidence of actiml alloying of the platinum and steel at any appre¬ 
ciable distance from the welds, 

A o. lo. 11 Attempt to Imitate BammkS *—It was hoped that the 
micro examination might disclose some evidence as to the method 
hy which this specimen had been produced. There were, however, 
no inclusions which could be identified ns alumina or titanium 
nitride. These where present in steel have quite characteristic and 
recognisable forms. The inclusions in the present specimen, 
amounting approximately to 0-20 per cent., as seen under the 
microscope, are in fact of the type usually met with in wrought 
iron, and consist of slag and iron oxides. Analysis also failed to 
detect the presence of cither aluminium or titanium* 

That the specimen has Ixmmi twisted and forged is clearly visible 
in the macrostrueture, that is, the visual examination of the etched 
surface. Naturally the hands shown in the photomicrograph 
{Plate LII) appear almost straight, since they only represent a very 
short length. It would seem possible that the method adopted to 
produce this particular specimen was in the fust place to weld 
together under the hammer carburised strips, then to twist them 
afterwards, forging the piece flat. 

The total number of tests, chemical, physical and, mechanical, 
carried out in this particular research, amounted to 133. Full 
particulars are given in the following Table XXIV. 

Table XXIV 

Number of the. Various Tests Carried Out on the Nine 
Further Steel and Alloys 9 * Specimens made by Faraday 
AND ELEPERRLD TO IN UlS DlART* PERIOD NOVEMBER 3RD* 1823, 
to June 28 th, 1824 , 

Chemical analyses ■**.., 36 

Micmgrapliic examination {including 5 photo micro- 


grapiis). , . , , . . , g 

Specife gravity lo 

Hardness tests 

Magnetic tests + • * * m * ^ ti 

Corroflion tests * . , # B # p 

Heat sealing tests* ;{ 


133 


Ctmchaions Regarding the Later Specimens .—The link which the 
present research has established between these specimens and 
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Faraday’s records should certainly increase their historic value and 
interest, while it is hoped also that the metallurgical examination 
which the author lias been able to make will have given some 
further in sight into their character than was possible by the methods 
available to Faraday. 

From the record mentioned, it would appear that Faraday 
attached importance to the present collection, probably as repre¬ 
senting some of the most interesting results of his labours in the 
Held of “ steel and alloys. 1 ’ The completeness of the original 
collection has, it Is true, been disturbed in the course of time, but 
of the nine original specimens seven remain, with the compensating 
addition of an interesting high percentage alloy of iron with 
palladium. 

In the high percentage alloys of iron with platinum and 
rhodium Faraday had apparently progressed some way towards 
one of his desired objectives, namely, an untnmishahle alloy. 
These alloys possess some merits, too, as regards resistance tu 
adds. 

Alloys of iron and steel with eight of the metallic elements with 
which Faraday states he experimented have now been found among 
the specimens made by him and still in existence, namely, copper, 
chromium, gold, nickel, palladium, platinum, rhodium and silver. 
Only the alloys of iridium, osmium, tin and titanium remain to 
be found, and it now hardly seems probable these will be dis¬ 
covered- As regards titanium, Faraday stated in Jus paper that 
nil bis attempts to alloy it with iron hod proved unsuccessful. 
Since also iridium and osmium were not separately available to 
Faraday, but only in the form of the alloy osmium-iridium, the 
number of the ferrous alloys unrepresented is really reduced to 
two, namely, those with osmium-iridium and with tin. 

Naturally the alloys actually found and examined in the Lwo 
researches do not form complete series of increasing percentage for 
all the alloying metals, and such merits :ls, for example, the plati¬ 
num and rhodium alloys may possess can only be fully investigated 
by the preparation of complete series. The indication is that 
an investigation might prove of special interest to metallurgical 
science, and possibly repay the time expended in such a 
research. 

Examination or Sown Century-Old Razors, and a Razor 
made prom Faraday Steel 

The razors shown in Plate LTD and forming the subject of this 
section comprise, besides the one E prepared by the author, as 
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already described, from Specimen No. 15/C .1-4 in the Faraday 
collection, four others of a specially interesting character obtained 
from various sources. These are as follows : — - 

(A) The razor marked VR and 11 Concave Razor Silver Steel,” 
one of n pair purchased by the author from the collection of Mr. 
George II. Gabb. 

(B) A razor made by Mr. W, II, Pepys, F.R.S. (1775 —1858), and 
bearing his mark. The blade of Ibis razor formed part of the 
collection already referred to, and placed bv the kindness of the 
ltoval Institution .at the disposal of the author for examination. 
This collection comprised seven specimens illustrating stages in the 
preparation of a razor, the present specimen representing the 
finishing stage, that is, after a second buff polishing. The handle 
in this case is a modem one fitted by the author, to enable the 
razor to be tested in use, 

(C) Razor marked 11 Improved Silver Steel ” and fitted with an 
ivory handle. This razor, which belonged to Faraday, was kindly 
loaned by Mr. A. Evelyn Barnard, with permission to make such 
examination as might be considered useful. 

(D) This razor is particularly important, since besides the in¬ 
scription on the handle, showing that it had actually lrelonged to 
Faraday and was given by him to his nephew, Mr. James Faraday 
Barnard, it bears the mark indicating it to have been made bv 
Stcdart, and also the Indian sign shown enlarged in Fig. 12, 
indicating wootz steel. Moreover, it contained 1-10 per cent, of 
platinum. Thus four important points of information are concen¬ 
trated in this particularly interesting and valuable article of 
Faraday’s steel. 

For the purpose of comparison, a modem razor made by a well- 
known Shetlield firm was included. This is referred to under the 
letter F. 

Naturally, the most interesting feature tn be ascertained regard¬ 
ing these razors was their chemical composition, and although the 
amount of material which could be obtained for this purpose was 
strictly circumscribed, at any rate in the ease of specimen* C 
and D, by the necessity for avoiding any means of a destructive 
character, it was found possible to obtain a few grams in each case 
in the form of drillings taken from the unhandened portion of the 
steel at the end of the tang. In the case of the Pepys razor then; 
was available in the collection referred to a specimen representing 
the rough blank from w hich this razor had been prepared. Conse¬ 
quently the very- complete analysis which was made on a sample 
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taken from this blank may reasonably be expected to represent 
that of the razor itself, which, in consequence, it was not necessary 

to drill, . . 

With the small amount of sample obtained from razors a, 

C and 1> the author was enabled to carry out a limited analysis, 
which, however, was sufficiently complete to ensure against the 
possibility of ail appreciable percentage of any element remaining 
undetected. The whole of the analyses are given in Table AAV, 
together with those of razors E and F prepared by the author 
from Faraday’s steel. 

The most str ikin g discovery made as the result of these analyses 
is the presence of MO per cent, platinum in the razor D. which 
beyond doubt therefore is one prepared by Stodart for Faraday 
from steel made by the latter. This discovery is further gratifying 
to the author as justifying his selection of steels containing 
approximately the same carbon and platinum percentages fur the 
preparation of a razor and knives. The existence of this razor 
specimen D of which the author was entirely unaware at the 
time the small knives and razor mentioned in this section wcre¬ 
made, shows that Faraday's expectation of, or belief in, his ability 
to improve cutlery by alloying additions could best be achieved 
by this comparatively small percentage of platinum. Ihe small 
amount of sample available was inadequate to determine chetWr 
callv anything very positive regarding the real significance 
of the wools sign, that is, as to whether any of the non-metallic 
constituents are present which Faraday found to be characteristic 
of wootz steel. From the analyses made no special features 
presented themselves to indicate anything special in this steel. 
A micro examination also made did not disclose any abnormal 

results in the form of inclusions. 

Specimens A and C, which may be conveniently referred 
to together, although described as being of silver steel, do not 
contain any proportion of silver sufficient to lie detectable by 
analysis in the small samples available. If any is present it prob¬ 
ably cannot amount to more than 010 per cent, in either case, from 
which it would appear that no appreciable amount of silver has 
actually been added. The examination also which was made of ti 
micro ‘section of razor A, did not disclose any inclusions of 

silver. 

It will be noticed that in their carbon content these two razors 
differ very consider ably, A containing only 0‘85 per cent,, 
although high enough to maintain a good cutting edge, whtk L 
has no less than 140 per cent. 


Analyses and Harunuss 
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The full analysis of the Fepys ras&or B shows it to be of plain 
Cnrhon steel of good quality, such as might have been used for the 
best razors at any time since it was made. Naturally, in this ease 
there was nothing in the circumstances to expect that any special 
dements had been incorporated, the razor apparently representing 
good current practice as carried out at that time. 

Hardness tests were made with the diamond pyramid on one 
face of the blade of each of the razors, A po&ition was chosen as 
near the edge as possible, usually within 0-1 inch, and also near the 
back, the tests being made in this way at both ends of the blade. 
Tests were also made along the tang. The hardness figures 
obtained are shown in Table XXV T 

No features of special significance appear in these data. The 
razor D is not quite so hard towards the edge as the others, 
but this is clearly due to its heat treatment and not to its special 
composition, since steel of this composition, that is, containing an 
approximately similar amount of carbon and platinum, has shown 
itself, both in razor E and in the miniature knives, capable of 
being fully hardened. 

It will be appreciated that to make n fair comparison of the 
practical merits of these razors provided something of a problem, 
because of their variety of pattern and as apart, from quality the 
pattern of razor which is suitable to one individual is unsidted 
to another. 

This being recognised, an attempt was made to test the razors 
under as comparative conditions as possible m the following way. 

After they had nil been whetted by the same skilled man each 
razor was used once by the same member of the author's research 
staff, chosen as being a difficult subject, that is, having a stilt beard, 
and a careful note taken of its actual performance. Before and 
after the test* examination of the edge was made under a low-power 
microscope, 

A note of the behaviour in whetting was taken, and this 
showed that razors B and C were rather harder than the other 
three, which could lie classed more or less together. Front an 
inspection of the analyses in Table XXV, it is apparent that the 
carbon percentage, which is highest in the first two mentioned, wsls 
the principal factor in determining this behaviour. 

Razors B, made by Fepys; A, believed to have been made 
by Stodart and described as silver steel T ' ; D, made by Stodart 
from Faraday's platinum steel; and E, the razor prepared by the 
author from Farad ay \ platinum steel, all earuc successfully 
through this lest. They were classed in this order of merit both 
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ns regards the manner in which the edge was maintained during 
the test and in its appearance under the microscope after use. It 
was, in fact, found possible to use II, A. and D successfully a 
second tune without stropping. 

With regard to C, the “ improved silver steel 1T razor belonging 
to Faraday, this failed to maintain its edge during the test, 
examination under the microscope showing that tiny portions 
had broken out, leaving a saw-] ike edge. 

The modern razor F was used four times in succession without 
stropping before its edge became appreciably dulled. 

When further tested by another member of the staff each of 
the razors A to F behaved in quite n satisfactory way, little 
distinction being found in their cutting qualities, preference being 
determined rather by the suitability «r form of the razors a* regards 
convenience of handling. 

!t can reasonably be concluded from these tests that the addition 
of platinum in comparatively small percentages does not appear 
to improve the cutting properties of hardened oar bon steel. On 
the other hand, Faraday gave away quite a number of similar 
platinum steel razors, which it is understood gave satisfaction to 
the users. For example, one was presented by him to the late 
Professor John Tyndall, F.R.5., and quite recently the author 
saw Mrs. Tyndall, who remembered the razor, but efforts most 
kindly made by her to I hid it were not successful. 

Total X untln-r of the Tests carried out in the whole of the Research, 

[ji concluding the description of this research it may Is- of interest 
to present a summing up of the whole of I he work done. The 
total number of tests carried out on the whole series of specimens 
examined, including the seventy-nine specimens dealt with hi 
the first research, the further nine specimens from the Science 
Museum, and finally the six razors and one miniature knife 
examined. The full information giving the weights, number of 
chemical analyses carried out and tests made is given in the 
following summary;— 


(A) Weight of the eighty-eight specimens : 

Weight before the research . 

Weight remaining after the research 

Difference. 

Asunint used from the razors 
Total amount used in the whole research 

(H) Number of chemical analyses . 

(I j Number of tests, chemical, physical and mechanical 
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8 

3? 
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581-92 

1 

41 

0-81 
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CHAPTER VIII 

APPRECIATION OF FARADAY’S WORK 


Diversity of Opinion's 

On many occasions in. the past the author has referred to Fara¬ 
day’s pioneering work in regard to his researches on alloys of iron 
and steel with various elements. Nevertheless, it was not until 
he had the opportunity of subjecting specimens of the Faraday 
alloys to complete examination that he realised the full importance 
of the work that had been done in the basement laboratory of the 
Royal Institution more than a century ago. Like many others the 
author had previously regarded Faraday's work in this held as a 
brief but interesting experimental attempt made at an early date 
and had not recognised that the research was one which had 
extended over a period of about six years. However, almost 
immediately after commencing the present research on Faraday’s 
specimens it became evident that these were of real importance 
as regards establishing Faraday’s priority in the domain of research 
on alloy steels. It became apparent that much interesting infor¬ 
mation was to be obtained from these specimens and, above all, it 
became dear that there was no justification for the sweeping asser¬ 
tion that Faraday’s work on alios steels " r ended in nothing,” as was 
stated bv one of his biographers. Dr. Renee Jones, F.R.S. 

As a matter of interest, the author has collected a number of 
opinions and comments relating to this question, and these are 
reproduced now. Taking these opinions in conjunction with the 
information presented in the present book, the reader will doubtless 
agree that Faraday’s work was of real and lasting interest and 
value. In fairness to those who have dismissed it too lightly, it 
must lie said that the author alone lias had the opportunity of 
subjecting the specimens to complete examination, without which 
no true judgment of their properties and importance could possibly 
lie formed. 


Unfavourable Opinions 

Perhaps the most widely known and generally accepted of the 
opinions hitherto expressed concerning Faraday’s work on steel 
and alloys is that given by his biographer and personal friend. 
Dr. Deuce Jones, F.R.S., who, ia his obituary notice of Faraday 
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in the Royal Society Proceedings, says: “ In 1822 a paper, 
1 On the Alloys of Steel, 1 by Stodart and Faraday, was read 
to the Royal Society and printed in the Transactions, , , , 
The results of the paper on Steel were of no practical value, 
and this, one of his lirst and most laborious investigations, is 
strikingly distinguished from all his other works by ending in 
nothing.' For some reason, no reference is made by Bence 
•Tones to the flrsl paper contributed by Stodart and Far at lay to 
the Royal Institution in 1B20, namely; “Experiments on"the 
Alloys of Steel, made with a View to its Improvement,” a most 
informative and interesting contribution. 

Ill his famous book, Life and Letters r>f Faraday, Vol. I., p. 320, 
Bence Jones says : “ Green, Piekslny & Co., in Sheffield, for a time 
used the alloy of steel and silver for fenders, etc., mid the alloys of 
steel and rhodium, iridium and silver, they made into razors ; but 
this Jong and difficult piece nf work proved of no lasting use,” 

Thus, in two separate places, tribute is paid by him to the 
laborious natun* of Faraday’s work on steel and alloys, yet he 
says that it “ ended in nothing ” and was of “ no lasting" use.” 
For reasons fully explained in this hook, the author asserts that 
Faraday's work was of real importance and it may well be found 
that the information obtained as an outcome of the present 
research on such of the alloys made by Faraday ns have become 
available will lead and inspire further developments in allov steels. 

t uriously enough, Hence Jones says, in another pari of his 
obituary notice of Faraday in the Royal Society Proceedings, when 
speaking of Faraday at the age of thirty-eight years (1830): “ If 
Faraday’s scientific life had ended here it might well have been 
called a noble success. He hail made two leading discoveries, the 
one oil electro-magnetic motions, the other on the condensation of 
several gases into liquids. He hud carried out two iinpurbint 
and most laborious investigations on the alloys of steel and on the 
manufacture of optical glass.” The reference to Hie research on 
alloys of steel is here favourable rather than unfavourable and 
certainly dots not convey the impression given by the other 
passage quoted Jibove. 

In fairness to Mi is biographer it must be pointed nut that he was 
not a metallurgist, and only a metallurgist, armed, too, with the 
wider knowledge and better facilities now available, could fully 
appreciate the importance of Faraday’s work and the remarkable 
measure of success he attained with Very limited resources. If 
Bence Jones had been a metallurgist and could have seen the results 
noiv published in this book he would not, we may be sure, have 
spoken of iii> J fiend \ laborious investigations ending in nothing. 
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Another common L of similar nature on Faradayhj research con* 
cemiiig steel and alloys is to be found in Professor A. A. de la Rive's 
w Memoir of Michael Faraday; His Life and Works/* published in 
Phil. Magazine, Yol. XXXIV,, December, I86T, shortly after Fara¬ 
day's decease, where this distinguished scientist says: * fc Although 
interesting m many respects, the results which Faraday obtained in 
his great investigation of the alloys of steel were not proportionate 
in their importance to the time and trouble which they cost him*" 
Concerning this the author can only say that he disagrees entirely, 
and that in his opinion Faraday did extraordinarily well to accom¬ 
plish so much in the course of a few years, specially in view of the 
I act that at the time he was engaged on so many other researches 
and seeing the somewhat imperfect nature of the experimental 
apparatus with which he often had to work. 

In his well-known book, Michael Faraday, His Life and Work, 
the late Professor Silvanus P. Thompson adds to the unfavourable 
comments on Faraday** steel researches by saying that the various 
alloys which Faraday made were of no great practical use. This 
assertion is perhaps justifiable so far as immediate and lasting 
practical applications were concerned, but if Professor Thompson 
had been a metallurgist specially concerned with steel, and if he had 
had the privilege of subjecting Faraday's specimens to complete 
examination, he would no doubt have added that although 
Faraday’s work may not have had any immediate and lasting 
practical consequences it was of great significance and represented 
a wonderful research, notably in relation to later developments. 
Even though he did not do this, Professor Thompson paid n 
tribute to one very important aspect of Fnriiday s s research, 
for he said* the research demonstrated Lin surprising effects 
which minute quantities of other metals may have upon the 
quality of the steel.” Surely, if it accomplished nothing more than 
this, the research was well worth while. Actually the outstanding 
merit and importance of Faraday's researches on steel lie in the 
fact that these were the first systematic investigations uf a most 
suggestive character in regard to an extensive range of alloys of 
steel with different elements, and they demonstrated the remark¬ 
able effects which may be produced by minute, also larger, quan¬ 
tities of other metals alloyed with steel. These are foundation 
stones on which our increasing knowledge and use of alloy steels 
have been built. 

Evidence from Faraday’s Papers 

Tti the ease of a man of such keen observation, sound judgment 
and sterling character us Faraday, we may safely t?ike his own 
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statements as Irving entirely honest and accurately in accordmice 
with the state of knowledge and practice at the time when they 
were imtde. Taken on this basis, the papers by Stodart arid Kara- 
day of 1820 and 1S22 afford much evidence that the researches 
on steel and alloys were by no means a disappointment to 
Faraday. This will he seen from the quotations and notes in 
l ha pier VI,, and yet more clearly hy reference to the full text of 
the papers. 

Consider, for example, the opening words of the Royal Society 
paper, of 1822 ; ** The alloys of steel made on a small scale in the 
laboratory of the Royal Institution proving to lx? good, and the 
experiments having excited a very considerable degree of interest 
Ijoth at home and Abroad, gave encouragement to attempt the work 
on a more extended sea le ; and we have now the pleasure of stating, 
that alloys similar to those made in the Royal Institution have been 
made for the purpose of manufacture; and that they prove to be, 
in point of excellence, in every respect equal, if not. superior, to the 
smaller productions of the laboratory." We may be sure thal 
Faraday would never have permitted such words to he published 
under his name if he had not been fully convinced that the alloys 
he had discovered were a real advance in the desired direction, and, 
naturally 5 tod tut, who from practical knowledge was well informed 
about steel, its applications and treatment, evidently shared in 
these same views. Further contemporary evidence on Ihis point 
is mentioned below. 

The truth of the matter is that Faraday was undoubtedly far 
ahead of his time in regard to his steel researches. The slate of 
knowledge and practice in the iron and steel industry offered no 
opportunity for a favourable reception of Ids ideas and discoveries, 
and the state of the engineering and manufactoringindust™® offered 
but little demand and scope for the use of a Hoy steels. X evert he- 
less, hud circumstances permitted Faraday to continue his work 
on steels and if, m particular, he had been able to work at Sheffield 
iit direct touch with steelmakers there is little doubt that his 
discoveries would have continued and borne much fruit. The 
i xtenl to which he was out of touch with the steelmakers—owing 
to distance and, probably, the effects of secrecy and conservatism 
on the part of the steel makers—is revealed by the opening sentence 
of the following paragraph ( 4i On the Alloys of Steel,” hy Stodart. 
and Faraday, Phil. Tramt,, 1822) 

“ ure informed to what extent these alloys, or any of them, 
have been made at home, or to what uses they have been applied ; 
their more general introduction in the manufacture of cutlery would 
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assuredly add lu the value, and consequently to the extension of that 
branch of trade. There are various other important uses to which the 
alloys of steel may advantageously be applied. If our inform at ion be 
correct, the alloy of silver, as well as that of platinum, has been to some 
considerable extent in use at His Majesty's mint. We do know, that 
several of tlie alloys have been diligently and successfully made on the 
Continent, very good, specimens of some of them having been handed 
m : and we are proud of the.se testimonies of the utility of our 
endeavours/' 

These words reveal a firm conviction that steel alloys were of 
real importance* and that the research which led to their discovery 
had been useful 

As judged by the standards of those days, Faraday's results were 
remarkable mid ought certainly to have been followed up ; as 
judged by the standards of to-day, they represent the true begin¬ 
ning of research on special alloy steels. 


FtrnriLEa Co ntemfoil* av Evidence 

An interesting cm limitation of certain claims advanced in the 
paper which Stodart and Faraday presented to the Royal Society 
in 1822 is to be found in the Edinburgh Philosophical JnurtuiJ for 
Aprii-October, 1822, VoL VII., p. iS50* where the editor stales : 
16 Mr, Stodart was so obliging as to favour us with specimens of 
several of these alloys for optical purposes, and though various 
plates of polished steel kept I aside them for more than a year, 
were al! affected with rust, yet not one of the alloys have su fh red the 
least change/ 1 The alloys here mentioned were evidently products 
of the later experiments at the Royal Institution and not from 
material made 11 in the large way T1 at Sheffield. In any ease it 
must he remembered lhaL these specimens represented only a 
small number of the total made by Faraday, and there is m« rcasi hi 
to doubt that the above testimony was honest and accurate as 
regards the actual specimens tested by the editor of the journal 
in question. Ft must also be borne in mind [hat the results 
obtained from steel extra well polished, carefully kept and not 
exposed to severe atmospheric influences might well deceive an 
ordinary observer unacquainted with the behaviour of imn and 
steel as regards its resistance Lu corrosion. 

The letters from the Sheffield firm of Green, Picks Jay &. Co. to 
Faraday reproduced on p. l&J also bear every indication of honest 
belief and confidence that some of Faraday's alloys were superior 
to the steel hitherto available. 
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Otth:k Favourable Opinion 

Coming to more recent times* a significant tribute to t he value 
of Faraday's work on steel alloys is to be found in the article on 
Faraday in the Dictionary of AT ntionat Biographt^ by Professor 
John Tyndall F.K.S.* who says 11 - - - jomtip with Mr. Stodarh 
he worked with success on the alloys of steel. A razor made 
of one of these alloys and presented to the present writer by 
Faraday himself* is still in his possession,” Unfortunately* all 
attempts to trace this historic razor have failed, hut Tyndall 1 * 
reference to it and his assertion that Faraday ’* worked with 
success on the alloys of steel tF hear out the author's contention 
that Faraday's research by no means 11 ended in nothing. ,f 

In the course 1 of an address cm “ The Chemical Works of Faraday 
in Relation to Modem Science/" delivered at the Faraday Cen¬ 
tenary Meeting of the Royal Institution on June 20th * 1891* 
Professor, afterwards Sir, James Dewar, FJLS.* pointed out that 
part of Faraday's early and important work was an investigation 
into the properties and combinations of steel with other metals, 
demonstrating that in certain cases an admixture of small propor¬ 
tion * of such metals as silver and other elements brought about a 
very considerable change in the character of the product. 

Similarly* in the course of a Royal Institution lecture on 41 The 
Rarer Metals and Their Alloys/ 1 delivered cm March 15th, 1895, Sir 
William Roberts-Austcn, pleading for further research us to the 
effect of rarer metals on the commoner ones, said : — 

We must go bock to the traditions of Faraday, who wits the first 
investigate the influence of the rarer metals upon iron, and to prepare 
the nickel-iron series of which much lias since been bc-ud. It did 
not despise research which might possibly tend to useful result, but 
joyously records his satis fact ion at the fact that a generous gift from 
Wollaston of certain of the 4 scarce and more valuable metals 1 enabled 
him to transfer his experiments froin the laboratory at Albemarle St rert 
to the works of a manufacturer at Sheffield, Faraday not only began 
the research I am pleading for to-night* but he gave us the genu of the 
dynamo, by the aid of which, as we have seen* the rarer niefnb may be 
isolated.” 

These words pay a well-merited tribute to Faraday’s work 
and, as regards the remarks on the nickel-iron series* Roberts- 
Austen w r as quite correct. Nickel steel had been made by 
Nature in meteorites* but Fnraday was the first to investi¬ 
gate that series which has since proved to be of such great 
importance. 
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In that interesting bode, Roberts-Aaskn : A Record of Ilia Work, 
by Sydney W. Smith, the following paragraphs appear 

ig*20: The first quarter of the century did not draw to an un- 
eventful close, for Faraday, working with Stodurt, an eminently 
practical man. gave (in 1$20) « stimulus to the study uf nlloss, and 

produced the first specimen of nickel steel." 

“ ] ; Li the year 1822 faradav pointed to a Fundamenta] ihiiorent.'c 

between hard &i\d soft itccl h the latter yielding a rjurhiiret ol iron 
when treated with hydrochloric acid* while hardened steel dissolves 
completely/' 

Derr again we have recognition of another valuable part of 
Farad ay f s nietall nrgical work, tha t is t when he pro v cd l he ex istcnce 
of a compound of iron known as the Carburet, or f as now expressed, 
Carbide of Iron, This discovery as well as Faraday's work 
relating to steel and alloys quickly received full and generous 
recognition from tlie scientists in France, as expressed in the 
remarks quoted below, which appeared in 1H21 in the Proceedings 
of the Socidtd d T Encouragement pour [’Industrie Rationale. The 
work of this society was of great importance and value in those 
early tim es, and its existence tin lay shows that Lhis continues to 
he so. In order to emphasise the importance of certain expressions 
in the following quotations these are placed in italic type 

u Dans les seances dts 13 juiii et 11 juillet 1821, M» Mfrimte a eutre- 
trnu le Conseil du travail commence par hi eoianussion. chargee chi 

peter et dc continuer les experiences commencren en AnglctcrrejiUV 
ramehunitkm de Parier par sou alliagr avee differcnles suhstant^ s, 1 

“ MM. Stodurt ct Faraday, par kurc bellen r.rprrUiicrs siir U s uUiages 
dc I'acier, out inline k &a fabrication k me me Impulsion qua difh rentes 
tfpoqtte* du siecle dernier lui donnereiit sueciyemcnt Kdauinur, Tobem- 
Bergmaon, Swendcnborg, Sdbedc, Meyer, Swan-R miti n nr t.. IYret + et 
eii suite nos ehimistes fnmfais Vandemumde, Mongc, Ik ri ho I let, 
Pelletier, GuvtdivMnrveau, Vauqndli* et Clouet/’ 

“ Ce$t d MM. Stodnrt ci Faraday T qiii nous out donne hi premiere 
analyst: de wool*, que noun d&xms /garment la conwns&mct drs- acurs 
d'aUkige. et noiumment de la combitwimn de i'aaer et i'un turkurt dr 
fee" 

Another important acknowledgment from quite a different 
source has recently come before the authors notice, namely, 
certain statements by the Russian metallurgist now residing in 
London, Colonel N. T. Belaiew, C.I). Hk remarkable work in 
metallography and other branches of metallurgy is well known. 
During the discussion on the author's paper on The Development 
of Alloy Steels/' read at the Empire Mining and Metallurgical 
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Congress, lie-kl at the Wembfey Exhibition in JM4* Cohnud 
Hclaicw sLaLed :— 

“The work uf Si-oiij=trt and Faraday tuui u very wale repcraiMJaii m 
many countries outside their own, nnd if some of the contemporaneous 
metalliirgical papers in ot her countries, and more particularly m hi* own 
country, Russia, were consulted, it would be realised how important that 
work hud been regarded* as about 1820 in Russia, for instance* the work 
tif Stodart :ind Faraday gave rise to the whole range of experiments 
made by Ano&soff. Anofisoff tried to explain the properties of carbon 
steels on the assumption that carbon steel was an alloy steel, find he 
tirst set in work by repeating the experiments of Stodart and Farad a)', 
and only by degrees did he come to the conclusion that carbon steels were 
not alloy steels, but that (heir properties were to he ascribed to carbon/* 

Finally, some words of Sir William J. Pope, F.R.S., may be 
f I noted from his article on Faraday as a Chemist/' in the jubilee 
number of the Journal of tht Society of Chemical 1 iidminj. In t he 
course of a survey of Faraday's activities, Sir William says :— 

M Whilst this work was in progress Faraday was engage in an 
investigation of the alloys of steel in eon junction with Janies Stodart ; 
this hud for its object the improvement of sted intended for the itinuiH 
laeturc of cutting instruments and the diminuliun of the tendency to 
rust. 

“ A large number of new alloys were prepared and studied : some, 
such as those with platinum, hud lit lie tendency to ri i ^ l ; those* with 
rhodium could he forged and tempered, and lhe silver-sl eel alloys wen- 
used tor some time for the manufacture of such articles ii£ fenders. 

11 Although Faraday occasionally presented his friends with razors 
forged innji ot-rl ain of iris new alloys, the* work found no ennsidcrohh- 
teehnieal application*, 

kl The modem extensive use of nickel-stcel and chromium-steel, hot It 
of which Faraday prepared, suggests l hat the work was in advance of 
the needs of the times. 11 

As regards these words, the author is of the opinion that otic id' 
the chief reasons why Faraday's work found no considerable and 
immediate technical Applications wits that il was far jii advance 
of the needs of the times. 

The Author's Conclusions 

lu file light of his own fifty years of experience in the held of 
ferrous metallurgy, largely concerned with alloy birds during the 
whole of this period, the author maintains that the steed alloys pro¬ 
duced by Faraday more than a century ago constituted another 
proof of his genius anti foresight. They remain of great interest 
nod importance even to-day T and they represent a research which 
was certainly no failure, but rather a column built well and krtuly 
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as far as it went and then abandoned by its builder and others fur 
reasons not now known, when it might have been continued as it 
was Inter by others and earned to such a successful issue P Failure* 
as judged by the lack of continued practical application and 
development, lay Tint in Farad ay 5 s concept ion and research T but 
in the fact that his work was in advance of the times, was not 
continued by others when he laid it aside* and that the possi¬ 
bilities were not appreciated by practical men. 

The adverse or slighting comments on Faraday's work con¬ 
tained in the unfavourable opinions quoted can only be attributed 
to the fact that those who made them based their judgment on the 
argument that because Faraday’s steel alloys were not to ft large 
extent used industrially they were therefore a failure* Those who 
argued thus, consciously or unconsciously, failed entirely to see the 
enormous importance of this early research work by Faraday, and 
the extent to which lie anticipated later workers by making 
systematic studies with some twmty elements and other substances 
added to iron. 

The significance and value of Faraday's work on 11 steel and 
alloy* ” lay not in any immediate practical ftppHratiou of great, 
importance, but in the later developments in this field* It is related 
that Faraday himself, when some inquiring person wanted to 
know, u propos of bis discovery of induction movement by mag¬ 
netism, what good all that was, retorted ; " My dear sir, what is 
the good of a baby ? ,+ The simile is a happy one and entirely 
applicable to Faraday s work on alloys of steel. Mis planning anti 
execution of an extensive and systematic investigation of alloys 
of steel w ith a large number of elements in a great variety of 
proportions was undoubtedly the 11 baby h which later grew into 
alloy steels fts we know and use them to-day. 

Not knowing the colossal amount of time, labour and money 
which would have to be expended, in a generation blessed with 
much better facilities, before alloy steels conk! be made really 
commercial products, Faraday himfidf was perhaps sometimes 
inclined to regard Ids researches in lids field a* a comparatively 
fruitless expenditure of several years of laborious toil. Actually, 
they were far from being this. 11 is work pointed the way to the 
future development of alloy steels and even in the comparatively 
small number of specimens which have survived to the present day 
there was the germ of modern alloy steels -manganese steel, 
silicon steel nickel steel, chromium steel tungsten steel, ternary 
alloys such as nickel-chromium non-rusting and heat-resisting 
steeis T high-speed tool steels, and later products such as an alloy 
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which the author recently examined, containing no fewer than 
nine elements, viz., carbon, manganese, chromium, nickel, 
tungsten, cohalt, vanadium, molybdenum and iron. 

Without doubt, no one before Faraday—whether metallurgist, 
chemist, physicist or engineer—had ever experimented with so 
many elements in combination with iron. At that time, however, 
there was neither the same opportunity for continued research ns 
there was later in the way of knowledge and resources nor the 
same spur to investigation in the shape of insistent demand for 
steels of special quality ns regards mechanical strength, resistance 
to corrosion and other properties. In this sense Faraday’s research 
was long before its time, but that adds to. rather than detracts 
from, the credit due to Faraday himself. 

In the light of all the Tacts, including the remits of the present 
investigation, it cannot be denied that his work was indeed a 
brilliant anticipation of similar Inlwnirs by later metallurgists, and 
that it passes triumphantly the acid test of genuine and successful 
research—the search for and the discovery of fresh knowledge. 


CHAPTER IX 


LATER DEVELOPMENTS OF ALLOY STEELS 

DeFINTTKKS OF TeKMB 

The conception which formerly ruled in regard tc> the term 
41 alloy " prevails to this day in the mind of the general public* 
An alloy to many implies nothing more than the addition of a 
baser metaJ to a finer one, the object in mixing the two together 
often being to obtain a cheaper commercial article and one that will 
wear Ixrttcr. This is, of course* not at all the case in regard to the 
special steel alloys of the present day. The definition of the word 
“ alloy ” might better he made to read 41 the combining by fusion 
of two or more metals together, or of a metal with one or more 
metalloids* for various specific purposes. 5 * And this, by the way, 
is precisely what Faraday set out to do * his own words, setting 
forth the aim of his investigation, afford vet another proof of the 
clarity of his inspiration. 

Uncertainty and confusion are often introduced into the termino¬ 
logy of ferrous metallurgy by the lack of any generally accepted 
definition of exactly what is meant by the word 44 steel ” itself. 
In earlier days there was no doubt about it—steel was simply 
iron combined with such an amount of carbon as would enable it 
to be hardened by quenching* When Furaday spoke of alloying 
other elements with steel there could lie no doubt what lie meant. 
In later years, however, there arose u sit nation which is well 
described in Huntington and McMillan's TYrl Booh of Science - — 
jlfrtafc (ISOT)* where it i s said : — 

11 The nomenclature of iron* already sufficiently unscientific, lias been 
made more confusing by the introduction of a number of so-called 
steels* many of which are alloys of imti with other metals and contain 
but little carbon. 11 

This situation still exists. If we had kept to the original interpreta¬ 
tion of u steel,” as iron which had been rendered capable of 
hardening by absorption of carbon, it would be impossibh- to call 
any material steel which did not contain enough carbon to produce 
hardening, and still less could we call any material sted which 
would not harden. 

Actually the term steel is now applied not merely to combina¬ 
tions of iron with carbon capable of being hardened by quenching 
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but also to such combinations in which the carbon present Is 
insufficient in amount to confer this capability p such, for example, 
as the many millions of tons of mi hi steel employed annually for 
structural and other purposes which cannot he effectively hardened 
in this way* The description steel is also applied to alloys of iron 
with other elements! whether or not these alloys possess the 
property of hardening, and whether or not their special properties 
are due mainly to carbon, 

Binary, Ternary, Etc*, Alloys 

Some explanation is necessary with regard to the use made by 
the author of the term s il binary ” and u ternary M alloys. In the 
generally accepted nomenclature and classification these terms 
refer to alloys of iron with one or two elements respectively, 
carbon, if present, being reckoned as an alloying element. 

The strict application of this classification in practical ferrous 
metallurgy is, however, somewhat difficult and liable to cause 
confusion where elements are present in what may be described 
as an extraneous way. Thus carbon is almost always present 
whether intentionally or not, and frequently such elements as 
silicon and manganese. It is difficult in such eases to decide the 
limit of percentage in these dements which may be considered as 
having sufficient influence on the properties to affect the classifica¬ 
tion of the particular steel concerned. 

In another sense ordinary carbon steel, f,g., such as used for 
castings, may contain manganese and silicon each between 1 and 
I per cent. Strictly this would be a quaternary steel, yet practical 
steelmakers would find this to 3>r difficult of acceptance, that is, 
regarding it as an ordinary carbon steel* All things considered, 
the author has in the present instance felt himself just hied in 
classifying steels containing one main allaying metal as binary,” 
and those containing two as " Lemary/ 1 irrespective of the carbon 
content* He has further been led to this decision by the eonsidera¬ 
tion that to Faraday steel was Iron comtiiiird with carbon, and 
that his expressed intention was to investigate the influence of 
other dements alloyed with simple carbon steel or with iron. That 
is t cither steel or iron was the base, and we may reasonably call* 
for example, his alloy of chromium with steel a tL binary" steel 
alloy”; hh alloy of platinum and silver with steel a "ternary 
steel alloy/ 1 This course has been followed throughout the book. 

Wojik Inspijlf.d by Faraday 

As mentioned by St ad art and Faraday in tlveir Koval Society 
paper of 1822, their work on vtee) and alloys aroused much interest 
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on the Continent, and several of their alloys were fci diligently and 
successfully made 77 there* and 14 very good specimens of some of 
them " were handed to Stodart and Faraday. The author has not 
been able to trace further evidence concerning these particular 
specimens, but In his Memoir# sur la Fabrication ti ta Cmnmm:c 
das far it Acier dam k Nord lie VEumpt* JL F. le Play states that 
researches based on the same idea as Stodurt and Faraday ~s were 
undertaken “ for several years in all parts of Europe." Work 
proceeded with special activity in France and* under the auspices 
of the Soci^te d'Encouragement pnur iTndustrie Nationals, “ more 
than 300 experiments were made mi alloys of iron with most other 
metals. Many alloys prepared on a small scale in this way were 
tested by the liest steelmakers and judged to be of excellent quality* 
* . . However, all these researches, which continued until the year 
1824, apparently led Lo no results on a manufacturing scale < and 
since then/ 1 said le Hay, writing in some twenty-two years 

later, “ few' attempts have been made to manufacture alloy steels/" 
The reason for these fallow years after such an encouraging start 
was probably the same in France as in this country ; the initial 
experiments were a generation or more ahead of the needs of the 
times. 

However, there is no doubt that the general interest and pro¬ 
mising results of Faraday's work on steel alloys caused much 
attention to be given to the subject m France. Two impor¬ 
tant papers were published by *L R_ Bous-smgault and M. P. 
Bcxthier respectively In I&21,* and the following passages from 
BcrtbieFs paper are of special interest :— 

“ Tile idea ol introducing chromium into east steel suggested tLself 
to me by the interesting work of M. Faraday with regard to alloys nf 
different metals with steej. 

* m J foil m3 that such chromium steel possesses properties which render 
it useful for many piir^Ksses. 

I made two alloys of cast steel containing chromium, one with 
1 jht epnt anil the other with 11 per fent P 

* k M. Merimee lias been kind enough to have these steds tesktl 3^ 
an intelligent maker of cutlery. 

4 * The materials forged satisfactorily* the first one being murreayv to 
work than ordinary cast steel. 

*' A knife anti a razor were made* nko two blades- The remarkable 
damascene appearance was noteworthy, resembling steel alloyed with 
silver / 1 

Berthier pointed out Lhat it would be better L> make such steel 
w itli a ehromium-tron rather tluui cemented steel with ohmmmm 

* Uptm lUr CnnUntitHt Silicon with HattniuN ami with Ik^urd u> tIll- 
l p n^niT uf SIctL J, II. Bous^r^iilUt, tit' Chimir h XVI., 1 SS 1 . 

Allay* af I'bmiuiiuii with Iron and Stwl >h i b . Uerthirr. .lttHttfru dr i 'himtt, 
XVN/ lEfifl. 


25G LATKK DEYELOPMENTS OF ALLOY STEELS 


ore. Singularly enough, he experimented with chromium ore 
from Philadelphia, (J.S.A., where he said it was found in 
abundance. 

In the Bulletin d-e la SoctilS d?Entouragzmml pout FIndustrie 
Nationals for July, 1S*21, Lliere appears an important reference : 
“Note sur les experiences fades par la Commission de la Societe 
iTEnconragraient pour /amelioration de Fader par son alliage 
avi r differentes substances/ 1 In this paper an account is given 
of the work of a committee t4 charged to rejieat and continue 
the experiments commenced in Engl and on the improvement 
of steel by alloying it with different substances /* Stress was 
laid upon the complexity of the problem and the vast amount 
of labour involved. M* Breant evidently took the leading 
part in the work* making numberless experiments and melting 
several lots of metal every day—sometimes eight to ten—in his 
laboratory. In many instances he even forged his own ingots. 
After many failures and disappointments he obtained 41 results 
which the most practised eye could not. distinguish from certain 
Indian steels/' Evidently wootz was adopted as a standard or 
ideal in France at that time no less than in England. The report 
also pays tribute to Lhe work of M. Bert bier* who greatly assisted 
the committee and who 4 ‘ had been engaged with these combina¬ 
tions for several years and, even before the publication of Faraday 
and Studart’s work* had alloyed titanium with steelt which the 
English chemists attempted without success.’' 

The French investigators evidently paid much attention to 
the phenomenon of damascening, and they arrived at the 
conclusion that this could be produced in almost any steel by the 
exercise of patience and skill. In other words, the damask was not 
inherent to a particular steel and not necessarily an indication of 
a new alloy, though it wits possible to recognise certain distin¬ 
guishing characteristic's in the damask of some alloys. From an 
analysis of certain fragments of old blades the French investigators 
concluded that they did not contain either gold, silver, platinum 
or palladium. They stilt thought it possible and even probable 
that some of these metals might be found in other Oriental blades 
because “it is i\ natural idea to harden steel as one hardens 
copper/* 

The indefatigable M. Hreaiit " continued his researches with an 
ardour which threatened his health/ 1 and in the course, apparently, 
of a few weeks he made 11 three hundred experiments on combina¬ 
tions of steel with platinum, osmium, gold, silver, copper, tin, 
riot* lead* bismuth* manganese, uranium, arsenic, boron, etc/* 
One wonders what further remarkable combinations were covered 
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by that naive worf “etc/ 1 ! If there had been followers round 
Faraday of the calibre of the worthy M. Breant, and if the problem 
of damask had not been allowed to become a central point of 
interest in the French investigations, the history of metallurgy 
in the nineteenth century inight have been considerably changed. 

One more point of interest remains to be extracted from the 
note cited ; BL Merimee reported to the Council of the body men¬ 
tioned that he had written to London in order to obtain a quantity 
of Indian steel sufficient for melting on a large Scale* with a view 
to obtaining a better knowledge of its quality and nature. The 
India Company, learning that the steel was required by the 
Society d*Encouragement for experimental purposes, made a free 
gift of a quintal of the metal, asking only to be informed of tlie 
results of the experiments—truly a pleasing instance of inter¬ 
national cooperation* 

Nor was the influence abroad of Faraday’s work at the Royal 
Institution by any means confined to France, In opening the 
discussion on the author's paper * l The Development of Alloy 
Steels/* presented to the Empire Mining anti Metallurgical Con¬ 
gress, 1025, Colonel N. T, Bel&iew, C.B., said that the work of 
Stodart and Faraday had a very wide repercussion In many 
countries outside their own. He added that if some of the a intern- 
poraneous metallurgical papers of that date in other countries, and 
more particularly in his own country', Russia, were consulted, if 
would be realised how important that work had been regarded. 
For example, the work of Stodart and Faraday in 1K1D-1B21 
aroused considerable interest in Russia and gave rise to a range 
of experiments which were made by General P, Anossoff, Engineer 
of Mines, Director of the Zlatoust Steel Works in the Ural District, 
who tried to explain the properties of carbon steels on the assump¬ 
tion that carbon steel was an alloy sled* He first set to work by 
repeating the experiment* of Stodart and Faraday, and only by 
degrees did he conic to the conclusion that carbon steels w T erc not 
alloy steels, but that their properties were to be ascribed to carbon. 

Further evidence might be given, but enough has been said to 
show tliat Stodart and Faraday’s work aroused great and widespread 
interest at the time* and inspired others to conduct many laborious 
experiments which must have contributed to general metallurgical 
knowledge and progress, though they nowhere led to the immediate 
development of alloy steels on an industrial scale. After the year 
1824 there was a long interval, during which little or nothing was 
done in the way of carrying on the systematic research which 
Faraday initiated* Much progress was required in the methods, 
materials and general knowledge of steel metallurgy before steel 
alloys could be made and used on a commercial basis. 



LATER DEVELOPMENTS OF ALLOY STEELS 


IMPROVEMENTS IN STEEL MANUFACTURE 

In the light of subsequent knowledge it can now be seen that 
better methods of manufacturing ordinary carbon steel were 
essential before the world could advance lo the development and 
use of alloy steels on a large scale 4 . Am regards the improvement of 
methods for the manufacture of carbon steel the worked Bessemer 
and Siemens deserves special mention, besides that of many others 
mentioned in Chapter VI, and later in the present chapter* 

Undoubtedly it was Heath who first discovered the full import¬ 
ance of the use of manganese in stcelmaking, and it is not too 
much to say that this discovery led ultimately to revolutionary 
improvements in the art of sted manufacture. Heath patented 
the employment of metallic manganese* or, as he called it, “ carburet 
of manganese/* in 1839. A relatively small addition of manganese, 
only i to 1 per cent., removed the red-shortness of inferior coke- 
made irons and resulted in the production of sound cast stecL The 
importance of this invention was immediately appreciated in 
Sheffield* It was used extensively and proved of great benefit 
to the trade of the city- Unfortunately for himself, Heath was 
sufficiently confiding as to tell his licensees that they could save 
money by putting oxide of manganese and carbonaceous mailer 
into the crucible with the blister steel thus making Ids 4i carburet 
of manganese ” (actually metallic manganese) on the spot instead 
□f purchasing it ready made. This piece of information saved the 
licensees much money, and lost Heath his royalties, for the kiw 
decided that the use of oxide of manganese and carbonaceous 
matter was not Heath’s patent* This does not alter the fact that 
great credit is due to Heath for his discovery and introduction of 
the use of manganese. 

The discovery* by Bessemer, of a method for making low- 
carbon or mild steel was one of the most important advances ever 
effected in metallurgy. Its immediate effect was a great reduction 
in price and improvement in quality of steel resulting in an enor^ 
inous increase in the use of this material The first public announce¬ 
ment of the process was made at the Cheltenham meeting of the 
British Association in ISod, and though it met with much scepti¬ 
cism and criticism, and no little active opposition, the process was 
soon being worked under licence in all the principal countries of 
the w orld. Certain prominent manufacturers in Sheffield rendered 
valuable aid to Bessemer during the earlier and critical period of 
development of his great invention. Briefly, the Bessemer process 
cousin in the production of steel direct from the molten iron* 
Air blown through the molten cast iron in an acid converter" 
bums out the carbon and silicon, and in the “ basic converter s ” 
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ako the phosphorus. The addition of spiegel cisen or ferro-man- 
gancse to the purified iron then produces steel of any desired carbon 
content, the manganese freeing the iron from oxygen and removing 
red-shortness, while the carbon converts Lhe decarbonised iron to 
steel. \ arious improvements of the original process have since 
been effected, buL the general principle of dt'ourboiiisation of cast 
iron, followed by controlled recarbonisation, remains as the basis 
of making .satisfactory steel in large quantities and at low price. 
As such, the invention of the Bessemer process may be regarded 
as the opening of the Steel Age. Until ordinary carbon steels hud 
come into general industrial use, it was hardly possible for special 
alloy steels to be thus employed.* 


Importance of Carbon 

The ability to make a full range of carbon steels was really the 
first stage in the modern development of steel. Carbon was, of 
course, used in all the early steels from the days of antiquity, but, 
until the invention of the Bessemer process, the employment of 
steel was on a comparatively small scale and confined chiefly to 
high-carbon steels required for hardness and to take a cutting edge. 

Reference may here be made to the only systematic early 
research that the author has been able to trace, m to the strength 
of steel containing different proportions of carbon vary in g frum 
Q-33 to 1*50 j>er cent. These researches were described in a paper 
by Mr. T. E. Vickers in 180b, in Kohn’s Iron and Steel Manufacture. 
Seeing that little information was then available, this contribution 
was of an important character, as it dealt with the analysis and 
the mechanical strength—including this tic limit, breaking load, 
elongation, and drop test—of the steel under observation, Mr. 
Vickers also noticed Lhat the specific gravity of steel decreased 
with an increasing percentage of carbon. 

It is a curious metallurgical fact that no steel with any appre¬ 
ciable proportion of an alloying element has vet been Found 
capable of taking quite the same hardness in a cutting edge ils 
carbon steel at ordinary' temperatures of use. The use of liigh- 
speed steels is, of course, exceptional, eutt i ng tools of these materials 
being used at or near red heat. Toughness, however, is not a 
characteristic of these higher carbon tool steels. Improvements 
have therefore been made in oil-drilling bits and cutters, and also 
drill steels for quarrying and metallurgical mining, by the addition 
of small quantities of alloying elements, for example, manganese, 
nickel, chromium, vanadium and molybdenum, according"to the 

• (tinny be added that bn wren 00 and 70 percent, uftfir steel output ufto-dnv 
IS produced by the open hearth This, however. Ls a subject outside «£ 

eseopr of the present Look T 1 
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class of service for which the steel is to be used, These additions 
are often comparatively small in quantity—only about O'20 per 
cent, of vanadium, or up to O’GG per cent, of chromium. The 
expectation in such eases is that the improved toughness and 
cohesion conferred will compensate for such slightly lower hardness 
as is experienced and. on the whole, provide an edge which lasts 
better in service. 

A certain percentage of carbon is essential in many alloy steels 
in order that the distinctive properties conferred by other elements 
may be fully developed. Yet it is seldom that the amount of 
CJirbon in steels exceeds 1"50 per cent.; in fact, the grcaLer portion 
of steel in use does not contain one-fifth of this percentage, and it 
is remarkable that so small a proportion of this dement should 
have such powerful effects. 

It h true that in some cases carbon is not wanted, and ahoy 
steels arc being produced in which there is only about 0"0fi per cent, 
of carbon present, hut for the majority of the ordinary and cheaper 
steels carbon is relied upon to impart the desired qualities and 
characteristics- This must* of course, be the case when steel is 
required which will harden by sudden cooling in water, oil or uir, 
and the carbon is then usually over about GfK) per cent*, in varying 
quantities according to the steel desired- 

The Work of David and Robert 1 '. Ml suet 

The work of the MusheK father and son, the latter of whom in 
ISTfi received from the Iron and Steel Institute the much-prized 
award of the Bessemer Gold Medal, will always be remembered in 
connection with the early development of alloy steels. The first 
air-hardening tool steel, evolved by Mushet and patented in the 
year 1809* contained about 2 3 per cent, of carbon, 2 57 per cent, 
of manganese, 1 - 15 per cent, each of silicon and chromium, and 
<PG3 per cent, of tungsten. Steel of this type made possible 
about 50 per cent, higher cutting speeds than could be used 
with ordinary high-carbon steel. It did not require hardening 
by quenching in water or any other liquid, but hardened bv 
cooling in air, owing to the tungsten and manganese in its com¬ 
position. The original material was rather in the nature of east 
iron than steel. Its applications were limited, the alloy was rela¬ 
tively brittle and useful chiefly for tools, its manufacture being 
for a long time shrouded in mystery. Much aid was rendered 
in the development and improvement of this material by the 
firm of Messrs. Osborn, of Sheffield, steelmakers of long experience 
and repute. The Musket tool steel represented an important 
practical advance, but, as shown by the metallurgical literature 
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of the 'seventies, there was at that date but little scientific know¬ 
ledge of alloy steels in the modern sense. 

LrPO STANCE OF FE RE Q-AlLQ YS 

In breadth af conception, Faraday's researches on steel and 
alloys were far beyond anything which had previously been 
attempted in this field, in fact* they were the first systematic 
investigation of a range of alloys as distinct from single alloys. 
Early investigators in this held were met by the difficulty that the 
materials they obtained for alloying purposes were produced, in 
most instances, in small quantities and at great expense; also, 
they were often impure or contained high carbon. Faraday was 
considerably more fortunate than his predecessors in this respect, 
for he was able to obtain relatively large quantities of a number of 
rare elements from Dr* Wollaston* He had not* however* the 
advantage of Ferro-alloys of the ordinary metals, which offer the 
best means of introducing alloying dements into sted. These 
useful materials were not available until many years later* and 
even then at first in an imperfect form. 

The credit for first appreciating the importance of ferro-alloys 
in the manufacture of steel appears to belong to AL P, Bert hie r, 
who, in a report on alloys of chromium with iron and steel** stated 
that he had spent much care on the preparation of fe mi-chromium, 
not solely because he believed such material had in itself special 
value* but localise he believed it would be found useful as a means 
of introducing chromium into east steel. In the face of this state¬ 
ment, it is surprising to find that this important point was at first 
overlooked by Baur and others until their investigations led them 
to the same conclusion. Incidentally* it may be noted that M. 
Berthier acknowledged frankly in the report mentioned that the 
idea of introducing chromium into steel was suggested to him by 
Faraday's first paper on the alloying of various dements with steel. 
This statement is important, because it has been stated that 
Faraday obtained Ids idea from Berth ieFs work, Abu. as Faraday 
inspired Berthier, who was the first to appreciate the Importance 
of ferro-alloys, it may be claimed that Faraday's research on alloys 
of steel was useful in yet another direction—it led to the first 
appreciation of the value of ferro-alloys, which are now regarded as 
indispensable to the commercial production of alloy steels, 

Tmr Work of the Terre Xoirr Company 

Notwithstanding the contributions made by isolated workers, 
matters progressed but slowly in the field of alloy steels for many 
years after the pioneering efforts of Faraday and those whom he 
inspired in various countries. Indeed, no great advance appears 
■ Finnic, t de Chimie t 1821, Vol, XVII, 
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to have been effected until that indefatigable band of workers arose 
in the St. Etienne district of France. These comprised Messrs, 
Jordan, JuIIien, Euverte, Poured and Gautier, who Lhen formed 
the working organisation of the Terre Noire SLeel Co^ originally 
founded in 181B. 

These gifted Frenchmen set out boldly along the road trodden 
so laboriously by Faraday many years before, endeavouring to 
find by a series of interesting researches the Influence of various 
metals when alloyed with iron, including the effect of carbon* 
silicon, manganese and phosphorus. The attempt was made under 
circumstances much more favourable than those with which Faraday 
had to contend. The French investigators were a group of 
experienced metallurgists conducting their researches In a steel¬ 
works with all the facilities of that later date ready to hand. 
Apart from the general advance in metallurgical knowledge, 
equipment and practice, they had also the benefit of the rapidly 
growing industry for producing ferro-alloys, specially ferro¬ 
manganese* the manufacture of which was so ably developed by 
M» Poured, and for which there was an extensive use in the pro¬ 
duction of mild stceL* This was fully recognised by the Iron and 
Steel Institute, who in 1909 awarded him the distinguished honour 
of the Bessemer Gold Medal. 

Their products were at first necessarily somewhat imperfect, as 
file ferro-alloy 5 obtainable, though superior to anything before 
known, were too highly carbonised* or were not sufficiently rich 
in their respective special elements* 

Die same workers followed up their researches, and the results 
were shown m the wonderful exhibition of Terre Noire products 
at the Paris Exhibition of L8T8, It was a display w hich the author* 
then only nineteen years of age T will never forget s as it had the 
strongest possible influence upon his mind, so much so that he 
translated for Ills own use the whole of their extensive brochure 
of some sixty pages, including the results of several hundred tests. 

Thx Era of Special Stkexs 

It is the principal atm of this book to impart new information 
concerning Faraday T s investigations on alloys of steel, and to show 
that he was indeed the pioneer of systematic research in this 
important field, but it is only right to emphasise the long and 

* No nut! h;is more frfdy recognised than M. Poured -the effort* nf Mr, 
of Bonn ft»d Mr, W. Henderson of Gk&^O^', The Hl ndernon proefii WAS for several 
years Cilrrfcd out at |he Terre Nabr Works. The wilik of M. Fourth eventually p 
™wc ver, prorceded on quite different lines and wllh the blast furuaef. This resulted 
in the price yf f«To- ni an run q*?. (now absolutely necessary for tbe p rut! UClitin of 
nearly all modem steel), which by tile crucible prneess cost HU ]esh Uiui] £SQ tea £1(KI 
per Ion, vt by the Henderson process about tSti per ton. being at once rrdnoed to 
\n t lull— a truly remarkable nietatlurginal achievement, Thin figure was Inter 
mJuet-d to the very tow selling pries of £» pet Ion anil U ijriw nhoLit K11 per lxm d 
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painful sequence of discoveries which led to and were essentially 
preliminary to the remarkable metallurgical developments of the 
past half-century or so. 

Though chemists of other countries discovered many important 
metallic elements, as referred to on p, 69, British workers were by 
no means idle. Indeed, the work of Robert Boyle, Benjamin 
Huntsman* Abraham Darby, Joseph Priestley, Henry Cort, 
John Dalton, Humphry Davy, Michael Faraday. Robert Heath, 
David and Robert Mushet, Henry Bessemer, William Siemens, 
Lowtliian Bell, George Snclus, Sidney Thomas, Percy Gilchrist, 
and others—to say nothing of those belonging to a period nearer 
to our oivn times— contributed greatly to the state of chemical 
and metallurgical knowledge at the middle of last century. Never¬ 
theless, despite the labours, amongst scores of others, of such 
pioneers as Agrieola (Germany}, Dud Dudley (England), Pettus 
(England), Reaumur (France), Swedenborg (Sweden), Huntsman 
(England), Rinman (Sweden), Cronstcdt (Sweden), Bergman 
(Sweden), Schecle (Sweden), De Elhuyar (Spain), Vauquelin 
(France), Vandermonde (France), BcrthoUet (France), Heath 
(England), Mushet (England), Berzelius (Sweden), Earthier 
(France). Percy (England), and Faraday himself, it was not until 
about the decades I860 to 1890 that there occurred the great 
advances and tremendous hurst of activity in metallurgical science 
of which we see the striking results and benefits to-day. 

With the exceptions already noted, the field of ahoy steels lay 
fallow for maiiv vesrs after Faraday left it. It. was the discovery 
and invention of manganese steel in 1682 which showed that the new 
world already indicated by Faraday was there ready to Ire explored. 
This exploration has taken place rapidly during the last thirty years, 
including the discovery and invention of silicon steel, nickel steel, 
chromium steel, tungsten steel, high-speed tool steel, nan-corroding, 
heat-resisting and many other types of special steels. 

It has been said by many independent authorities that the 
author’s work in alloy steels, particularly in the discovery and 
invention of manganese steel, represented the beginning of a new 
era, but in the light of all the evidence collected during the present 
investigation of Faraday's work in this field the author freely 
acknowledges himself to be but a follower oT that great, master. It 
is true that when he made his first discoveries in the field of steel 
alloys the author did not know of Faraday’s work in this direction. 
His work was thus independent in conception and execution, but 
it was based on the same main thoughts and proceeded along the 
same general lines of enquiry as Faraday’s pioneer work of some 
sixty years ljcfore. The enormous practical importance of the 
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results which emerged from the discovery and invention of what is 
now universally termed the Hadficld manganese steel was due in 
large measure to the improved facilities available, as compared with 
those of Faraday's time, including a wider general knowledge of 
metallurgy, better supplies of materials, perfected appliances and 
other advantages. Curiously enough, manganese—the alloying 
clement in the material which opened the era of “ special steels " in 
the modem sense of the term—is only to be found in traces In any 
of F araday Vspeeimens, and was certainly not added deliberately, 
Nevertheless* the author maintains that to Faraday belongs the 
credit of being the pioneer of research on alloy steels. 

Manganese Steel 

At the time when the author commenced his metallurgical 
work in the "eighties of last century the amount of definite scientific 
knowledge available concerning alloys of steel was very small 
indeed. In fact, it was almost non-existent. Faraday hud made 
a number of remarkable alloys, but none of them had been subjected 
to scientific investigation. 

As already mentioned, it was largely the brochure issued by 
the Terre Noire Company at the great Paris Exhibition of 1878 
that inspired the author to undertake a series of experiments on 
alloys of steel; and this, in turn* led to his discovery and invention 
in 1883 of manganese steel concerning which Osmond, one of the 
leading scientific metallurgists of his time, said that u the discovery 
and invention of manganese steel was not only the discovery of a 
new alloy, curious, of great scientific value and yet useful, but in 
the history of the metallurgy of iron it ranked as a discovery equal 
in importance to that of the effect of quenching carbon steel* and 
was the only one of the same order which it had been reserved for 
our age to make. 11 

The alloy now generally described as the I lad field manganese 
steel* consisting of an alloy of iron with from II to 14 per cent, 
of manganese sind about 1*25 per cent, carbon* is still one of the 
most remarkable materials yet produced. Its principal charac¬ 
teristics may be summarised as follows 

(а) It is practically non-magnetic, notwithstanding the fact 
that it contains about 89 per cent, of iron. 

(б) The alloy is greatly toughened by quenching instead of being 
hardened and made comparatively brittle* as is the case with 
carbon steel. 

(e) It has high tensile strength (90 to 70 tons per square inch 
when suitably heat-treated)* combined with extra ordinary donga- 
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tion, viz., 50 or even 70 per cent., exceeding that obtainable with 
the purest iron. 

( d ) Its resistance to wear by abrasion is greater the more severe 
the service to which it is applied. 

The authors more recent researches* show clearly that while the 
mm-magnetic properties of the Iladlield manganese steel, contain¬ 
ing about 11 to 14 per cent, manganese, have their basis in the 
association of iron and manganese, the special and valuable charac¬ 
teristics upon which its many engineering uses turn are vitally 
dependent on the fact that it also contains carbon to the amount 
of I to per cent. Both quenching and annealing produce in 
manganese steel effects quite opposite to those obtained in most 
other steels. Quenching makes this non-magnetic steel tough and 
ductile, whilst annealing it for some forty hours at about 60CT C\ 
makes the steel hard* brittle and magnetic. When water-quenched 
and toughened* the forged material has a tensile strength of from 
60 to 70 tom per square inch* combined with such ductility that the 
elongation is from 50 to 70 per cent, on S inches. The local 
constriction at the point of fracture is less than ordinary steel, 
the contraction of the sectional area being distributed nearly 
uniformly throughout the parallel portion of the test-piece. Even 
slight deformation of an article made of this steel Is accompanied 
by a considerable increase in hardness of the material, and the 
highest wear-resisting qualities are developed under the hardest, 
working conditions. In the undeformed state it is relatively soft, 
the hard ness being then about 200 as measured by the Brinell test; 
the material gains greatly in hardness under mechanical defor¬ 
mation, the Brinell hardness number rising to 500 or even 580. 

As already noted, water-quenched manganese steel is practically 
nonmagnetic, and far this reason it has been employed in armoured 
and other structures near the magnetic compass in ships and 
aeroplanes. 

Its electrical resistance is 71 microhms per cm.-cuhc, or seven 
times that of pure iron j the average thermal conductivity between 
0° and 100" & is tk027 c + g,s* units, or about one-sixth that of pure 
iron ; and the mean eoefiidcnt of expansion between 0° and 100" C. 
is O'OOOOIS per 1° t\, or about It times that of pure iron. These 
properties arc the more remarkable when it is remembered that 
manganese steel contains about 85 lo 87 pier cent, of iron. 

Tins steel has excellent casting qualities us regards fluidity" and 
ability to fill moulds of intricate shape. Its fluid contraction is 
rather greater than that of ordinary steels, and amounts to from 

* So? “ Alloys of tn?n vnd MnnEwse Low in Curbon." Joirt* Irm tmdStrd ii\d r 

IJtiT, 


2W LATER DEVELOPMENTS OF ALLOT STEELS 


SO to 0 33 inch per foot, and the castings made from it are parti¬ 
cularly free from blowholes. An example of the excellent results 
which can be obtained is to be seen in Plate LTV*, representing a 
medallion of Fa raday cast in the Had field manganese steel. 

The reader desiring further information in regard to this steel 
should sec the author’s book. Metallurgy and ite Influence on 
Modern Progress, and his various papers on the subject during the 
past fifty years,* Suffice it to say that the extraordinary com¬ 
bination of toughness and great strength obtainable in manganese 
steel by proper heat treatment and working renders it invaluable 
for such applications as special railway and tramway trackwork, 
the jaws and other wearing parts of crushing machines, the wearing 
parts of excavators and dredgers, wheels of mine cars, of which 
hundreds of thousands are at work* wire line sheaves for oil-well 
machinery, sprockets, dutches and hundreds of other fir tides 
exposed to severe conditions* in fuel, wherever special resistance 
to shock mu! abrasion is required. During the Great War tens 
of thousands of British and Allied troops owed their lives to the 
protective helmets made of manganese stock 

Whilst the composition of this steel is the same ns that first 
produced by the author* the manufacture of the material has been 
greatly improved, including the heat treatment, to which its most 
useful q uni dies arc largely due. 

An interesting example of the use of manganese steel is afforded 
by jaw-type crushers, produced by the author's firm. Some of 
these represent the largest yet made in Great Britain, and are 
intended for work in the construction of the huge Can very Motor 
Dam in Tndia, which has a volume of nearly 2 million cubic yards. 
Each machine weighs about 100 tons and crushes 200 t ons of stone 
per hour. These crushers are built entirely of cast steel, all the 
wearing part* being of manganese steel. They have a feed opening 
measuring 54 by 42 inches, and are capable of dealing with blocks 
of stone weighing over 2 tons each, reducing them to 0-inch cubes 
in about one mi mite* Without the use of manganese steel such 
a result would not be economically possible. 

For layouts including points and crossings of railways, also 
street tramways and junction layouts, cast, forged and rolled 
manganese steel continue to be of the greatest value, and although 
claims have been made for the merits of heat-treated nickel* 
chromium steel castings for such purposes, these have not been able 

* A full list of tfcfW, nisra other pa pent and nddrcssrfl by the author. amounting 
lu Home IflO imlTEfulimia, mostly dealing with alloy and other special stoffc, is given 
in hta published pamphlet entitled " Unbilled Mst of Fapere fmm IsSS to 1F™, LH 
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seriously to challenge tli& superiority of manganese steel. Much 
greater advantage might usefully he taken by the permanent-way 
engineers of our railroads of the facilities which now exist for 
the production of manganese steel mils and the economies in 
upkeep of the track which their use brings about. Experience in 
traction service all over the world proves that the cost of main¬ 
tenance of ordinary steel points, cross-overs, and other special 
trackwork where wear is excessive, is from 6 to 12 or even more 
times that made of manganese steel 

As might be expected from its characteristic properties, 
manganese steel is difficult to roll or forge in any but plain, simple 
forms. Nevertheless, long experience gained in the manipulation 
and control of the material and its heat-treatment has made it 
possible to produce successfully rails, sheets, plates, and compli¬ 
cated assemblies of this steel 

The reversing 28-inch blooming and finishing mill at Messrs, 
Hadfield's works is believed to lie the first erected haying for one 
of its main objects the production of manganese steel rails. This 
mill is capable of reducing 15-inch square steel ingots, 5 feet long 
imd weighing 25 ewt., to 2 J-inch square billets in a single heat. 
The normal output of such a special steel mill, that is, w r hcn 
engaged on ordinary steel + is about 1/200 tons per week, but on 
hard and difficult alloy steels this total is greatly reduced, for such 
steel cannot be rushed through in the same manner as mild carbon 
steel. Moreover, all the appliances and treatments necessary 
involve time and reduce the output. Ingots of manganese steel 
are rolled into rails, up Lo the heaviest section in demand acid up 
to 55 feet in length. The hydraulic shears used in conjunction 
with the mill are capable of shearing the “ Era ” manganese-steel 
blooms, when hot, up to 10 inches square. The total weight of the 
mill is about 1,800 tons, including the driving motor, which is 
rated at 3,200 h p t and is capable of developing 11,000 b.p. for 
short periods* 

For many years manganese steel regarded as practically 
unmachinable! and its use was therefore restricted to parts which 
could be east, rolled or ground into shape. Recently, however, 
tool steels have been developed—Lhemselves wonderful examples 
of the advance in knowledge of alloy steels—which are quite 
capable of machining manganese steel. Some of these alloys 
contain no fewer than eight elements besides iron, namely, carbon, 
manganese, chromium, nickel, tungsten, cobalt, vanadium and 
molybdenum. The combined effect of these various elements is 
to enable the harder form of the carbon present in the way of 
carbides of bon to retain its hardness to an almost incredible 
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degree, even under the specially severe conditions of heating and 
mechanical stress encountered when cutting manganese steel. 

Whilst manganese steel must necessarily remain more difficult to 
machine than ordinary steel, with sufficiently powerful tools avail¬ 
able, it is now practicable to carry on machining operations in a 
much more rapid and economical manner than by the usual expe¬ 
dient of grinding. Thus in the machine shops of the author’s firm, 
working on a spindle of water-toughened manganese steel 3 indies 
in diameter, and using a turning tool 1 inch square and with ^ inch 
feed and -fV inch depth of cut, at a cutting speed of 11-8 feet per 
minute, the tool traversed a distance of 20 inches before requiring 
reminding. Tests made with a drill l } inches diameter on the webs, 
§ inch in thickness, of rolled manganese steel rails showed that 
many holes could he drilled through the web at 50 r.p.m. before 
regrinding of the drill was necessary, the average time for drilling 
each hole being six minutes. Even better practice is obtained 
with the latest tool steels. 

For many purposes the non-maehinability of manganese steel 
has hitherto prevented its use, because it could not be readily 
provided in the precise forms necessary. It seems probable that 
reconsideration of its merits in the light of this new fact will still 
further extend the already varied applications of the material. 

Silicon Stef.l 

The author’s attention was specially directed to the effects of 
silicon on iron as long ago as the year 1SS2. Thereafter, as the 
outcome of many years of research, the invention and application 
of silicon steel were developed and perfected. Numerous dilii- 
1 'lities were experienced in the early stages of the introduction of 
this steel made under the author’s patents. The history of these 
developments and how they were overcome is given in his book, 
JUeialJuTgif and Its Injtttctici' on Modtrii Progress, where reference is 
also mode to the scries of researches, these lwing chiefiv of a phvsical 
nature, which he carried out with the late Sir William Barrett, 
F.R.S., and Professor W. Brown on manganese, silicon, aluminium, 
chromium, nickel, tungsten and other alloy steels. Many peculiar 
and valuable physical properties of these alloys will be found 
described in the joint papers published by them in the Proceedings 
of various scientific and technical societies, 

Steel containing about 8 to 5 per cent, of silicon has higher per¬ 
meability at low forces, lower hysteresis Joss, higher resistance, and 
under magnetisation by alternating currents has lower eddy- 
eurrent loss than pure iron. The lower cddy-currcnt loss is due to 
its higher electrical resistance, namely, from 10 to 12 microhms 
per cm. cube higher than that of pure iron for each 1 per cent. 
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of silicon in the alloy* The maximum permeability of rolled 
sheets of silicon steel was found to be 25 per cent- higher than 
that of pure iron, whilst the hysteresis loss IS initially about two- 
thirds that of pure iron and has been found even to decrease during 
a period of years in service. The property of improving during use 
instead of ageing is in marked contrast to the behaviour of charcoal 
iron and the early dynamo and transformer steels, for the 
hysteresis loss in these materials often increased by 100 per cent, 
or more after a few months, and necessitated the periodical dis¬ 
mantling and annealing of transformer plates. Owing to further 
improved practice in manufacture, this silicon steel can now be 
produced having a total loss only slightly exceeding 1 watt per 
kilogram when tested at 10,000 gauss maximum induction and 
60 cycles per second* and a permeability of 3,000 can l>e reached. 

The first transformer using silicon steel made and patented by 
the author wax built in 1 DOS. Tins was an experimental apparatus, 
weighing only 30 lb. ; its characteristics proving excellent* trans¬ 
formers erf 40 kw, and 00 kw; were at once built and put into use 
by the Slicfheld Corporation Electricit} Department, using silicon 
steel of similar composition* These transformers were placed in 
service in 1905 and 190G respectively p and their magnetising losses 
when tested in 1921 were found to be appreciably lower than when 
first put to work. Owing to a fire at the sub-station, not due to 
any fault of the transformer or its core material, the 40-kw\ trans¬ 
former was damaged beyond repair In 1922 after seventeen years 1 
service. The 0O-kw s transformer was taken out of service in 1927* 
after being in use for twenty-one years. 

The author's silicon steel w T as introduced commercially in this 
country by his licensees* Messrs. Sankey, and later by Messrs. 
Lysaght, under the name 41 Stailoy ”; in the ILS.A, by his 
licensees, the American Sheet and Tin Plate Co P , the General 
Electric Co. and the Weslmghouse Co.; in Italy by the Magenta 
Company and in other countries* To each of these much credit 
was due for their help in overcoming the unusual conditions met 
with in the introduction of this steel. 

The total amount of electric energy now annually passing 
through transformers, including transformations both at the 
generating end and the consumer’s end of the trans mis sion line, in 
which silicon steel cores are used, is estimated to be something like 
500,909 million kilowatt hours, and the use of the I fad field silicon 
steel effects a saving in energy losses of at least 2£ to 3 per cent* 
This is equivalent to a monetary saving of about £20,000,000 
annually, so it will be seen how important this invention has been 
to the world* 

As an interesting contrast it may be mentioned that in one of the 
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IaLmt and largest sets or transformers yet produced and built in the 
U.S.A., each unit, with a capacity of 10,000 kw., 35 feet in height, 
weighing no less Limn 300 tons, ami requiring three large tank cars 
holding 32,000 gallons of oil to fill it, contains in its core no less than 
03 tons of silicon steel. This equipment consists of seven trims- 
formers, thus altogether requiring about 150 tons of silicon steel. 
Compared with this giant set of transFormers it may be mentioned 
that the core of the first transformer of the Hadfield silicon steel 
made experiment ally and put to work in ll>03 weighed only 0 lb. 

-Tins great development of silicon steel now used on such a large 
scale throughout the world is fully described in the author’s 
oo 'previously mentioned, Thanks are there expressed to those 
who helped him to bring about Lids advance, including not least 
Ins licensees m this country, the United States and other countries. 

In the useful publications known as the Research Narratives, 
issued by the United Engineering Society of New York for its 
Engineering Foundation, representing some forty-four societies 
w,th more than 2(30,000 members, No. «, Vo). +, fully narmt.es 
the history of the Hadfield silicon steel, without which modem 
transformer construction would not be practicable, The small 
trails former referred to and made by the author in 1D03 was 
the first practical application of this invention, and is now the 
property of the nation at the Science Museum, South Kensington, 
Whilst great credit is due to the electrical engineers, chiefly in 
our own country and the United States, for their improvements in 
the design of transformers, nevertheless, without the invention of 
the Had 1 1 dd silicon sted they could not have obtained the remark¬ 
able results mentioned. The first of a series of interesting articles 
_> the author and Mr. S. A- Mmn t B.Sc +J on Use various aspects of 
Faraday s work relating to electrical science and metallurgy 
recently appeared in World Fencer for September, 1031. The 
important question is there dealt with from the electrical engineer¬ 
ing point of view, regarding the transformer from the days of 
Faraday's induction coil down to modem times.* 

It may be interesting here to state that quite recently the author 
made an estimate of the advantage and gain generally to the world 
resulting from two of his inventions, that is, manganese steel and 

colkrti™ of transformer exhibits fit 
South Kensington, the (LMKrtnidtiy- find amuigeiDO* of which 
- ford great credit to Hip director anil theme who have 'iiu'y are indeed n 


LATER DEVELOPMENTS OF ALLOY STEELS 271 


silicon steel. Whilst it is not easy to assess the full value of the 
metallurgical progress which these materials represent in them¬ 
selves and have brought about in their applications, yet upon 
collecting the various data available it has not been found possible 
to obtain such an estimate* 

The author asked an independent authority to check and further 
elaborate certain figures of totals, and to his surprise found that his 
own calculations had under-estimated these total values of world 
advantages and savings, and that it could be stated that the savings 
already resulting from these two inventions—manganese steel, 
by its extraordinary combination of the qualities of extreme hard¬ 
ness and great toughness, and silicon steel, by its very considerable 
reduction of energy losses in electrical machinery—now amount to 
the immense total of between £050,000,000 and £700 5 000 + 000. 
This is a striking proof of the advantages brought about by the 
introduction and use of alloy steels, of which undoubtedly Faraday 
may be correctly described as being the pioneer. 

The many difficulties which were encountered in the manufacture, 
introduction and application of these two alloy steels can be 
imagined, but after much perseverance they were gradually over¬ 
come by the author hi the research laboratories and works of his 
Company, and later assisted by his various licensees. 

There appear to be no other products in sight able to take the 
place of manganese steel and silicon steel, so that unless new con¬ 
cepts of engineering practice emerge, and this dues not appear to 
be likely, the immense monetary and other savings mentioned in 
the foregoing paragraph will continue, in fact, no doubt on an 
increasing scale, with consequent great benefit to mankind. 

As most inventions form the subject of patents it may be per¬ 
missible to make the following reference. Sometilues patentees are 
accused of creating monopolies under patents granted to them for 
their inventions, but this* in fact, E not really the ease, as the public 
is nut thereby prevented from doing anything they were lawfully 
entitled to do previous to the grant of a patent, but only from using 
the new invention during the life of the patent. In face of figures 
such as those above mentioned, in which the patentee obtained 
only an infinitesimal portion of the value of liis inventions, it 
is clear that the public does ultimately derive great benefit from 
a wise system of patent laws and practice under which patents 
for valuable inventions are granted for a limited period, 

Prfj>f + vtation to the Science Museum 
Exhibits representing the author’s discovery and invention of 
manganese steel and his early experimental work on llm material, 
also his discovery and invention of silicon steel, including the 
original specimens of these alloys and the first transformer* built 
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with Hadfield silicon-steel cores, have been presented bv the author 
and accepted by the authorities of the Science Museum, South 
Kensington. These important records of British progress and 
invention have thus found a permanent home along with Stephen- 
son's Rocket; Boulton’s, Watt's and Trevithick’s engines ; Parson's 
original steam turbine ; and many other historic exhibits. 

Following his work on manganese and silicon steels, the author 
has also carried out correlated studies, on alloys of iron with 
aluminium, chromium, nickel* tungsten, cobalt, molybdenum, 
copper, titanium, and other elements. In almost every case 
these researches have covered and described methods of manu¬ 
facture ■ chemical composition and analysis; properties of the 
metal as cast* and as rolled, forged, hammered, or pressed ; heat 
treatment; mechanical qualities, including elasticity* tenacity, 
elongation, and resistance to shock ; hardness tests ; micro- 
structure ; electrical and magnetic qualities ; thermal conducti¬ 
vity ; resistance to corrosion and erosion ; and other properties 
where possible. In many instances specimens of the alloys as 
they appeared were placed at the disposal of the scientists and 
specialists of many countries and in various branches of scientific 
work* LEie results being of great mutual benefit. As regards papers 
and other communications by the author, these now amount to 
1D5, many of them relating to alloy steels and their characteristics. 

Importance: or Alloy Steels 

I 1 he enormous advances in engineering and industry in general 
during the past thirty years or so have been due in large measure to 
t he introduction of alloy steels, such as Faraday had in mind. At 
the time of his work on “ steel and alloys sr the world was hi the 
Iron Age, which merged into the Sted Age when later Bessemer and 
Siemens-Martin discovered their processed far manufacturing steel. 
This in turn developed into the Era of Special Steels, commencing 
effectively with the author's invention and discovery of manganese 
steel. 

Without iron we should inevitably revert to the conditions of 
the dark ages; and without alloy steels we should* in many 
respects, lie cast back to the conditions of a century ago* Iron 
and the simpler forms of sted will not give us, for example, the 
hard-wearing toughness of manganese steel ; the greatly reduced 
rusting qualities of chromium and other steels; the wonderful 
energy-saving properties of silicon steel as used for electric gene¬ 
rators, motors and transformers; the special magnetic proper¬ 
ties of tungsten and cobalt steels for permanent magnets, of 
manganese steel for applications where nonmagnetic material is 
required* and of certain nickel-iron alloys where extraordinarily 
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high permeability at low inductions is required. In uddltion, there 
llfe non-scaling steels, steels which arc strong and tough at low 
temperatures, steels possessing considerable strength at high 
temperatures, and many others. 

In the course of an address to the graduates ol the Institution 
of Mechanical Engineers in 1023, Sir Henry Fowler, K.B.E., said, 
in reference to early metallurgical work regarding alloy steels, that 
the author had brought out two steels which had done much 
to change certain practice with which mechanical engineering is 
associated.—that is, manganese steel and silicon steel. He further 
remarked that this earlV work laid been followed up enthusiastically 
by other metallurgists, and that 11 it was in no sense an exaggera¬ 
tion to say that the motor car and the aeroplane as we have them 
to-day are the result of this work of Hadfidd’s.*' The author would 
be the last lu belittle in any way the great work accomplished tii 
the same direction by engineers, designers and non-ferrous metal¬ 
lurgists, but. while spec ial steels have not alone made the motor 
car and aeroplane possible, they are undoubtedly essential to each. 

If the only ferrous materials at our disposal were cast, iron, 
wrought Iron and carbon steel—the materials, in fact, which were 
to be had when George and Robert Stephenson built the famous 
Rocket —the light, speedy and powerful motor car of to-day would 
be a physical impossibility. For the high speeils, stresses and 
temperature* involved in various vital parts of Lhc modern ear, 
wrought iron lifts insufficient tenacity and too low an clastic limit; 
plain carbon steel of the higher qualities, high in carbon, is too 
brittle; and ordinary cast iron is out of the question. If a motor 
car was built to a modern design, but with the materials used iti 
Stephenson’s Rocket, or even those available at the time or the 
production of the lirst automobile in this country, it wou d 
certainly break down after a few miles’ running if, indeed, it would 
run at all. On the other baud, if the car were made mechanically 
strong enough with materials of the early type, it would be pro¬ 
hibitively heavy and costly to run. It is literally true, therefore, 
that, notwithstanding the advances in the science of engineering 
design, the motor car as we know it to-day would be impossible 
without special or alloy steels. The same may be said, in Hus 
sense, of the aeroplane and, in fact, of many of the triumphs ol 
modern engineering constructions. 

The author can claim to have been a true prophet in regard to 
the ever-increasing importance of alloy steels, for in his paper on 
■■ Alloys of Iron and Chromium,” read before the Iron and Steel 
Institute in 1832, he used the following words; “ The author 
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cannot but think Mint i lit: special question of steel alloys or combina¬ 
tions wIN be eventually found to possess considerable practical 
importance to the world at large, and perhaps be the means 
eventually of enabling our civil and mechanical engineers to design 
and carry nut works of a magnitude which, notwithstanding Mil* 
great strides made during the last few years, even at present are 
not possible.” 

Ihe truth of this forecast, made some forty years ago, lias since 
been demonstrated in the most convincing manner. The wonders 
of modern engineering depend, more closeJy perhaps than is 
generally realised, upon the special qualities of the materials 
employed. Engineering science has progressed successfully just 
so far as the properties of the constructional materials avail aide 
would permit. Improvements in materials have been followed 
immediately by advances in engineering practice. This was. in 
fnc-L, fur a time one of the main difficulties in the way of the 
extended use (if high-pressure, high-tempor&Eure steam turbines, 
lint recent advances in the direction of heat ami corrosion resisting 
steels capable of withstanding high stresses at high tempera¬ 
tures have led to corresponding developments in application and 
practice. 

From tiie practical standpoint the importance of alloy steels lies 
hi the fact that they yield a greater range of mechanical properties 
than can be obtained in simple carbon steels, whilst they also yield 
either new physical properties or new combinations of properties. 
Whereas commercially pure iron per cent, iron) has a tensile 
strength of 13 to 20 tons jicr .square inch, and a ductility corre¬ 
sponding to 30 to 10 per cent, extension in the test-piece, high- 
tenacity alloy steels arc now available which in the bar or mass 
form have tensile strengths exceeding 100 tons, ur even more than 
200 tons when in the form of wire. One of the nickel-manganese 
alloy steels prepared by the author showed a tenacity of nearly 
CO tons per square inch, with an extension of 7d per cent, on iui 
8-inch test-piece ; also manganese steel with its tenacity of 73 tons 
per square inch is often accompanied by no less than 73 per cent, 
of elongation. There is no other material extn n t w hieh possesses th c 
qualities of both high tenacity and elongation to the same degree. 

According to requirements, it is possible, by the use of alloy 
steels, to reduce the weight of parts whilst retaining or increasing 
their strength ; to obtain strength combined with special ductility” 
hardness, or resistance to fatigue; and, in fact, to obtain or 
accentuate almost any desired physical property. Alloy steels 
providing greater strength for given weight, or equal strength with 
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a saving of weight, contribute in an essential manner to large power 
units, high-speed machinery, and many other remarkshlc develop¬ 
ments of recent times. 

It would be difficult to mention all those whose labours have 
helped to bring alloy steels to their present position of high 
importance, but the author, who can look back a long way, believes 
that the following list represents most of those eh icily concerned : 
as regards Great Britain, Aitehison, Arnold, Brearley, Car¬ 
penter, Desch, Dickenson. Gotland, Harbord. Hatfield, Hey cock, 
Mushet, Riley, Koscuhain, Saniter, Stead, Turner, Vickers; in the 
United States, Burgess, Campbell, Hibbard, IIowc, Zav Jeffries, 
Matthew's, Metcalfe, Sauveur, Stoughton, Strauss, White ; in 
France, Bmstlein, Charpy, Dumas, Fremont, Girod, Guillet, II. le 
Chatelier, Heroult. Moissan, Osmond, Porlevin. Poured, Schneider; 
in Germany, Ehrensbcrger, Led? bur, Mars, Martens, Maurer, 
Monnartz, Straus, Wedding; in Sweden, Akcrman, Benedicks, 
Brinell and Westgren ; in Italy, Giolitti; in Japan, Honda ; in 
Russia, TsehernoEf and Belaiew. 

In the pages which follow', a brief account is given of the applica¬ 
tions of afluv steels in various classes of service, for example, 
services demanding resistance to heat and corrosion, high-speed 
ninchining, armament and ordnance, special structural purposes, 
and so on. Before proceeding to this, however, it may be interest- 
ing to give certain particulars concerning the scale on which alloy 
steels are now manufactured, as well as an indication of the vast 
sums of money which have been saved and continue to be saved 
by their use. 

Output of Ikon, Stf.fx and Alloy Steels 

The results of a careful estimate of the probable production of 
various classes of iron and of ordinary carbon steel during the 
early years of last century are given on p. G3. The production of 
alloy Steels in those days was negligible as regards tonnage. 

During the second half of the nineteenth century, however, the 
advance in the production of iron and steel was no less remarkable 
than the increase in ijuality and number of types. In 1813, for 
instance, the total production of iron and steel was about 
2,512,30b tons, almost entirely by Great Britain, Germany, France 
and Sweden. In 1920, however, according to the Statistical Report, 
of the American Iron and Steel Institute, the world’s iron ore 
production was 1813,000,1100 tons ; the production of steel ingots 
and castings was 119,000,000 tons; and that of pig iron and a 
small proportion of ferro-alloys amounted in all to 03,000,000 Ions. 


27i; later developments of alloy steels 

J ilt' World’s output of pig iron was under one million tons per 
nnjuim m 1800: at the [fine Faraday made his experiments on 
steel and its alloys, that is, 1818 to 1824, it had reached about two 
million tons; in 1830 about five million tons; in 1900 40 million 
tons ; and m 1028, the peak year, about 98 million tons. 

Tabt,e XXVI 

American Output ofOjxn Hearth and Electric Alloy Steel in 1028. 


Type of steel. 


Copper . 
i-’lirooiiiim . 

Medium manganese (I to 2 p<?r cen 
min.) , 

Ch romiwn-mckd 

i. h rurn ium-vanadium . 

Nickel 

N tekd-moly btltnum 
L hmmhi m-i noly bdenum 
Ojpper-moly bdmum . 

Hadfidd 5 * nmngtmesc . 

Nickei-chmrn i um-moly bdenun 
Vanadium, 

Molybdirntmi-uianganese 
Molybdenum 
Others + 

Unclassified 

Total , 

Open-Iieartli 
Electric 


Total 


ItlgQts, 

* Grc&s Tans. 
Castiags. 

Ttilul. 

808.500 

10,700 

879,20U 

802,200 

0.500 

311.700 

281,200 

80,400 

261,000 

333,900 

25,700 

261,600 

160,400 

200 

1611.600 

125,400 

2,200 

127.000 

100,000 

500 

109,500 

61,000 

7,100 

68,100 

67,200 

—- 

67,200 

7,100 

51,500 

58,600 

10,700 

1,700 

18,400 

10,000 

400 

16,400 

2.300 

1,400 

3,600 

1,100 

200 

1,300 

206,700 

19,300 

226,000 

870,000 

2,800 

572,300 

2,083.000 

103,000 

3.140,000 

2.629.000 

84,000 

2,713,000 

354,000 

79,000 

438,000 

2,988,000 

163,000 

3,140,000 


* 1 r " unaer one milfjon tons txt 

r-“ ra ™ u >-« >*». but by 1880 ii !,„j tfc, 2 
IS ““ thc cno ""° us r,s "" ot . .. ton. <vJ 

uJ!'fZ thu“ T5 i t0 i “ f " ? d .™ ci "e nf production as new 

! a h v * Junble fna^nal htc constantly being found The 

'T of ^ l,c lf ' 5n t[, ' da y is about fifty times tlnft produced in 

the early part of Faraday’s career. FW# ™ JJl 
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To-day one new big building being erected in New York mils for 
125,000 tons of steel, and so the increased employment goes on 
with hundreds of new applications yearly, and these are now being 
intensified by the many new applications of non-corroding and 
heat-resisting steels. 

An exceedingly interesting article in the Iron jlge, Decem¬ 
ber 26th, 1029, entitled “ Types of American Alloy Steels,” by 
Mr. E. F. Cone, gave output data which are reproduced in 
Tabic XXVI. From other sources it appears that the total output 
was actually nearer four million tons in 1928. Allowing, sav, 
11 million tons for the rest of the world, this would make a grand 
total of about 5| million tons per annum. 

Savings Resulting from tub Use of Alloy Steels 

Two classes of savings have to be considered, those of material 
and those of direct monetary expenditure. In other words, con¬ 
servation of supplies must be borne in mind as well us financial 
economy'. According to Professor J, W. Gregory'. F.R.S., the 
supply of iron ores would probably be exhausted within ltK) to 
150 years if the world’s consumption of iron and steed went on 
increasing at the same rate as before the war. Alloy steels are of 
enormous importance in relation to the conservation of iron. The 
more general use of non-corroding steels, for example, would help 
greatly to reduce the wastage of iron by rusting. Apart from the 
question of the direct monetary loss involved by the wastage of 
metal due to corrosion, there is the further loss arising from 
interruption of work or service white the corroded parts arc being 
renewed. There is also the possibility of serious accident from 
failure or breakage of corroded metal, 

Again, to take only a single example, 1 ton of manganese steel 
will do the work of about 10 tons of ordinary iron or steel, owing 
to its remarkable durability in heavy service. 

in the United States alone, the production of alloy steel ingots 
and castings rose from 181,980 tons in 1909 to 1,787,852 tons in 
1918, and 8,1000 Lons in 1928, From which it is evident that the 
tonnage of special steels is quite sufficient to affect appreciably 
the conservation of iron. 

The advantages derived from the use of alloy steels fall under 
two headings:— 

(a) Certain alloy steels enable results to be obtained in engi¬ 
neering, chemical and other fields which either (1) could not 
formerly be accomplished, or (3) could only be accomplished with 
difficulty and extra weight of material. 
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(6) Certain alloy steels take the place of ordinary steel and 
effect great savings, r.g^ manganese steel, by its durability and 
toughness ; silicon steel, by its enormous savings in energy 
losses ; non-etirrodiiig steels, by u void mg comjsion ; and so on. 

It is impossible to assess the full value of the metallurgical 
progress which modern alloy steels represent in themselves and 
have brought u I Knit in their applications, not only by saving 
material and energy* but also by enabling results to be obtained 
which could not otherwise be secured. From a careful estimate it 
can be safely staled that as regards only two of the author^ 
inventions, manganese steel and silicon steel, these have already 
effected savings amounting to very large sums. As more fully 
mentioned on p* 271, there appear to be no other materials 
m sight able to tnke the place of these two steels, so the immense 
savings mentioned are more than likely to continue, with increasing 
benefit to mankind. 

Corrosion-Resisting Steet-s 

1 nirndudion. —As in the case of the heat-resisting, non-scaling 
steels mentioned later, no single alloy steel is applicable to all 
services in which resistance to corrosion is required. Corrosion as 
met with in industry or daily life occurs in many forms and from 
many causes. Co-operation between metallurgist, engineer and 
chemist is required to obtain the best results, and though labora¬ 
tory or accelerated tests have been of undoubted value in the 
researches leading up to the introduction of special non-corrodible 
steels, they are often valueless or even misleading as a guide to the 
selection of the most suitable materials for specific practical eases. 

Several years ago the author prepared a careful estimate of the 
anmml loss in the world through corrosion. His figures, which 
were very carefully compiled from extensive data, showed this loss 
to be more than £500,000,000 per annum. The subject was fully 
dealt with bv him in a paper entitled 11 The Corrosion of Ferrous 
Metals,’ 1, read and discussed in 1022 Ik: fore the Institution of Civil 
Engineers, This paper described the specimens prepared for the 
special committee of that body, including the ordinary and special 
steels, representing 1,330 separate bars allocated by the committee 
for the sea and atmospheric corrosion tests, as well as the labora- 
tory and other medianical tests carried out by the author. It 
may he mentioned that results have already been obtained from 
some of these specimens, many of which are, however, still under 
sea and atmospheric corrosion tests in different parts of the Empire, 
including Southampton, Plymouth, Halifax, Auckland, Colombo 
and the Port ol Madras. These tests and examination of the 
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results obtained form the work of the special committee known as 
the Committee on the Deterioration of Structures Exposed to 
Sea-Action, appointed by the Institution of Civil Engineers.* This 
committee, in the founding and work of which the late Sir John 
Wolfc-Barrv took much interest, was commenced in 1910 under 
the chairmanship of the late Sir William Matthews, K..C.M.G., and 
is now under the able and active chairmanship of Mr. M, F. Wilson. 
The first secretary of this committee was the late Mr, P. M. 
Crosthwaitc, to whom an expression of thanks should not be 
forgotten for the excellent service he rendered over twelve years, 
and his work is being continued by Professor J. Purser, Much 
credit is also due to the assistance rendered by Dr. J. Newton 
Friend during the course of the research. In addition to large 
contributions from private sources, the Department of Scientific 
and Industrial Research have greatly helped by their generous 
aid in furnishing the Committee of the Institution with consider¬ 
able sums to assist in this important research. The Committee has 
already published twelve reports and further ones will be issued 
os the work proceeds. 

It should be added that the iron and steel materials described 
in the author's paper previously mentioned and now under test 
as one part of the Committee’s extensive research are classified into 
four main sections 

Section / Irons (lioHed nnd Forged). 

(a) Wrought iron, (ft) Swedish charcoal iron, (r) “ Amico ff iron. 

Section II — Carbon AVerf*. 

(o) Mild steel with low manganese and comparatively high 
sulphur and phosphorus. 

(A) Mild steel with 0-70 per cent, manganese, 

(c) Medium carbon steel with low sulphur anil phosphorus. 

{d) Carbonated containing 0-40 per cent, car I Mill. 

Section III—Special Steels. 

fa} Mild steel with 0-60 per rent, copper. 

if>) Mild steel with 2 00 per cent, copper. 

(e) Nickel steel containing 3-50 |icr cent, nickel. 

(d) Nickel steel containing 30 09 per cent, uickd. 

fr} Chromium steel containing 13-50 per cent, chromium and 
0-36 per eent. carbon, and simitar high chromium steel with 
lower carbon, namely, 0-12 per cent. 

Section IV— Cast Irons. 

(a) Cold-binst cast iron. (A) Hot-blast cast iron. 

* Important cotisidrmtkin of this suljeot of corrosion also given nt the 
Xnitl] IntonatimuiJ Cod|ku orNnvptmi] held in Lofukni in 1023, at which 
jktilhnr pirEtnltd u paper untitled %t Tfrf Coma km of Ferrous Metals with Special 
RcftTOW to rheir Ro^rUnce to the Aetkm of 5e*-w*ter + ,T 
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There is do doubt when the work of the Committee is completed 
the information obtained will prove to tie of the most valuable 
nature. 

Lecture by Sir Umoltl Carpenter .—The history uf the develop¬ 
ment of stainless steel and iron was also ably reviewed from the 
scientific and technical points of view by Sir llamld Carpenter, 
F.R.S., in his recent lectures on “Stainless Metals," Jour. Royal 
&oculy oj stris, 1 ol, LXXIX., May 8th, 1931. In the coxirse 
of these lectures Sir Harold, amongst other most interestirig 
statements, explained clearly and lucidly the wider scope of the 
use of Lhe term stainless steel as now employed. In view of their 
\ aluaLk- nature, some of his conclusions on this important matter 
are therefore quoted iu full 


1 he first extensive industrial application of high chromium steels 
v ns m the manufacture of cutlery, Its most conspicuous advantage win* 
resistance to staining hy fruit juices and vinegar. It. therefore became 
known as ‘ stainless steel.* Since this first application the use of high 
chromium steel Los been continually expanding, and the name stainless 
has been retained. But the word has acquired a somewhat special 
meaning, and should now he held to include resistance to till hinds of 
chemical attack, including oxidation at high tcmtieral-ure, solution in 
acids and pitting in fresh ur salt wider. 

“ Tlie original high chromium steels contained at least 0 3 per cent, 
uf carbon, and with this amount in addition to 12 or M per cent of 
chromium, an air-hanfenmg steel resulted. Tins steel developed its 
Ieit properties when in the quenched and tempered state, and was 
generally used in th is condition, When chromium steel containing about 
< 1 pfT cent, of carbon was developed, it was called 'stainless iron 1 to 
distinguish it from the hantovarxety. Th e use of the word iron i n ixin - 

ucetion with a matenn] that is aelunlly a low carbon steel is not correct, 
mid is liable to cause confusion. It is a pity Lhat the term was ever 
introduced. An entirely different type of coirosionHfesist&ig alloys, 

L f , J f l! 5li|t '° 1 tl tmns, may also lay claim to the name. ‘ 

. tEim]e “ ^ applied to the manufacture of 

cutlery was a material of definite properties. It was steel of a particular 
i3tlb ^'f cd tn ? «rtalii treatment which dweQ the 
mechanical properties required in cutlery, together with a very high 
resistance to the action of chemicals with which it might conic into 

£g£* The us' rff U ]WJ " wide field of application. 

H conk , e.^., he used for the manufacture of all kinds of surgical instru- 
mvnts, but if j t had been impossible tu vary- the medumieuj properties 

sr™ J |mvfth 2“? f ° corrosion the limit of usefulness Wld 
swD have been reached. A Conspicuous attribute of ordinary steel is 

m ,P™I >ert ; es “5* ^ be produced bv SJJLinJ the 
S I mid Vestment. What £ eugb 

ES wSSVaS? VRS a ; natt ; na| that ™nbine this char£- 

(rislie w ith a high degree or resistance to corrosion. As a result of 
irther research, this need has been to a large extent met anil etaitdegji 
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a modified form of sled in which mod of the mechanical properties of 
ordinary steel may he reproduced in addition to resistance to anrotion, 

“ In stainless, as in ordinary steel, the field of selection is bruml, and 
the particular type to be used, and the condition in which it should be 
used, depend on the mechanical properties required and the chemical 
action it is expected to resist. Effective utilisation of this new type of 
material, therefore, requires a knowledge of the phenomenon of corro¬ 
sion, ii»d the conditions under which it is liable to occur." 

With regard to this subject of corrosion, and the steel known as 
stainless, a recent writer in iVofnre has pointed out that ** passivity 
and corrosion resistance appear to lie due to the formation of 
invisible films of oxide, and it is to Mr. Ulick R. Evans that the 
credit is due to actually isolating such films.” He also points mil 
“ th«t the films produced on chromium are continuous and adherent 
and the addition of that metal to iron therefore greatly increases 
the? tendency to passivity already possessed by it. The corrosion- 
resisting pruperlics of the high chromium steels arc due to this fact,"* 

Early History of the Mdal Chromium. — As regards the metal 
chromium, it may be mentioned that it was discovered during 
those troublous times at the end of 171*7, Vauquclin, who was 
described as “ Citoyen " Louis Nicolas VauquclLo, read his first 
paper entitled ” Mcmoire sur unc noUVeUe substance metalliquc 
contemn: dans le plomb rouge de SiWrie, ct qu’on propose d*appckr 
Chrome, a cause de la propricte qu’il a de eoloner les eombinaisons 
uu il enlrc ” before lTnstitutc Nationals on “ II 1 ™ Drurnsirc, An. 
VI™,” and his second paper, “ Sur la nouvelJe substance nidtaL 
Uquc eon ten ue dans le plomb rouge Sibdrtc, ddeouverte par le 
Citoyen Vouquelin, et » laquelle il a donnd le nom de Clirfimc, 1 * on 
the "80™ Nivose, An. VI™ ” (January 10th, 1708). The 
discovery" was also duly recorded in Annale* de Chimie, 1708. 

Its name in French, Chrome,* 1 was suggested from the word 
44 chroma ” (colour), the 11 plumb rouge ! * from which the metal 
was first extracted being of a characteristic colour, and also from thi- 
various arid beautiful colours which the oxides of the metal gave to 
the minerals and substances into whose composition they entered. 

Vuuqudin confessed that this title did nut altogether suit the 
metal, since in itself it hod no particular colour, but the advice 
of his two friends, ” Citoyen* ” Fourcroy and Hons;, prevailed, and 
thus we have the designation ** chromium.” 

* Ad important statement offering full explanation reganiiiijf tlm effect of films 
will be fount! fifl ftp- In the vutaJijgnr uf the Ffiniduy Centcjinry Kshihitinn 

nt thr Albert Hah, devoted to the passive state of nictate, " H is there shown that 
Fntruduv was the hist to msgefft the theory that passive Iron wun protected fmru 
attack by qn invisibly thin fib of mride of iran, Tnt subject H thore presented in ft 
dear manner nnd ihould be generally ofwrvice to those interested in this problem. 


282 LATER DEVELOPMENTS OF ALLOY STEELS 

Finally the statement by Cuvier with regard to Vauquelin may 
be quoted, us it is memorable: “ 11 etuit tout chimtete, chimiste 
cheque jour de sa vie el pendant la durde de chaque jour.” His 
different treatises amounted to more Hum 240. 

The value of ferro-chrumium and its production us u means of 
making available chromium steel alloys was first realised by 
iterfhier, who, however, states tliat lie owed bis inspiration to 
haraduy s work on steel and alloys. The following ore his words 
as mentioned in the Jiulletin dc la &locate <T Encouragement pout 
1'Industrie Xaiionale, Vingtibne An ne'e (No. CCX), December, 
1821: ‘‘The idea of introducing chromium into east steel was 
suggested to me by the interesting work of Mr. Faraday upon the 
alloys of various metals with steel; 1 have made two alloys of 
cast steel with chromium, one containing 1 per cent, and the other 
J1 per cent, chromium.” 

Faraday, in his paper to the Royal Society in 1822, refers to the 
foregoing experiments by Bert bier, and states that he himself 
followed on with two experiments, in one of w hich he produced 
steel estimated to contain J. per cent, of chromium and in the other 
3 per cent, of chromium. The aut hor has not been able to obtain a 
specimen or the: first-mentioned steel, but he has been able to 
examine the latter particularly interesting specimen, made about 
1820, to which he bus given the term “iridescent,” No. 2S/D.1, in 
view of its beautiful colour. The analysis of this steel shows 
the carbon to be 1*5S> per cent, and the chromium 3*86 per cent., 
which is not therefore quite so high as Faraday apparently 
expected. It should be borne in mind Unit this was probably 
the first steel containing chromium ever made in this country. 
Further information with regard to this specimen is given else¬ 
where in this book. 

A long interval followed before anything of definite or important 
nature- ajqjears to have been accomplished on any practical scale 
with the metal chromium. Its use was suggested by Mr. Robert 
Mushet in 1861. later, in 1870, by Mr. A. Partes, und Mr. 
H. Biennan, of Hanover, produced fcrro-chromium commercially 
as far back as 1873, The author, however, has always given 
credit to Mr. Julius Ilnur, of New York, who in 1865 did much 

pioneer work with regard to introducing this steel on a practical 
scale. 

Then came the important work by a friend of the author, the 
late M. Henri Brustlein, of the firm of Messrs. Holtzer & Co., 
France, and with whom he was associated in metallurgical sub¬ 
jects lor many years. Rrustlem commenced his experiments on 
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chromium steel in 1875, and this led tu his firm supplying such 
steel for industrial purposes in 1877, in the author's opinion, it 
was largely owing to his work that the development of chromium 
steel on a large scale became possible. Messrs. Holtaer A: Co. 
prepared a valuable exhibit, including chromium steel, for the 
Paris Exliibition in 1889, which the author well remembers 
seeing. Brustkin’s able work in 1890 was specially recognised 
by the Society d'Encouragement pour iTndustrie Natkmalc, 
who awarded him a prize of 2,000 fr. There was also the work 
of MM. Boussingault, Carnot, Goutal and Placet. 

It was in 1878 that Boussingault gave some interesting informa¬ 
tion on the subject in a paper which appeared in .dnnofe# dr# 
Chimin, VoL XV., p. 121, and noted the difficulty of dissolving iron 
chromium alloys for the purpose of analysis in nitric acid and even 
iu aqua regia. 

From the foregoing it will lie seen Lliat, starting with the dis¬ 
covery of t he metal itself by Vauquelin, France has had a particular 
and important share in the development of chromium and its 
alloys. 

The Author’s Researches m Chromium Steel .—As far as can be 
ascertained, the first correlated and complete study of chromium 
steel, that is, such as was possible with the chromium ferro¬ 
alloys then available, was contained in the author's paper on 
“ Alloys of Iron and Chromium,” presented to the Iron and 
Steel Institute in 1892, During the preceding two year; inves¬ 
tigations had been made on a series td fifteen alloys containing 
from 0-22 to 16’74 per cent, of chromium. Amongst these alloys 
there were four which may be regarded as the forerunners of the 
present-day rustless steels ; their compositions were as follows :— 
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Many interesting results were obtained from this research, one 
of them being that largely through the knowledge so gained this 
country was finally rendered entirely independent of foreign 
sources for the supply of armour-piercing projectiles, of which 
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previously large numbers had been obtained from abroad. Such 
knowledge proved later on to be of immense value in the Great 
War. An example of what an arm imr-pie rcing projectile is 
capable of accomplishing in the way of perforating thick armour 
is fully referred to on p. 296. Without chromium it would 1>e 
practically impossible to obtain the necessary hardness, 

iVo/t'iw Fiona Oitmond. —Another important fact arising out 
of the research, and in mentioning this it is with no desire to 
depreciate the later work of others, is that In the report presented 
in 1892 by the late Professor Osmond, and forming part of the 
author's paper previously mentioned, he stated “the etching 
of Specimen * L ’ (0*71 per cent. C., 9*18 per cent. Cr,) with nitric 
aeid may be continued as long as two minutes without sensibly 
altering the appearance of the sample. The polyhedrons con¬ 
tinue brilliant and highly polished.” He also added that “ as 
the amount of chromium increases, a compound of iron, chromium 
and carbon appears to be formed, which is only partially attacked 
by acid, and possesses great hardness,” 

From the previous paragraph it is interesting to note that 
Osmond at the time the author’s paper was read in 1892, dearly 
demonstrated the extraordinary resistance of high chromium steel 
to the attack of nitric acid. 

It will also be observed that Specimen “ O " (2*12 per cent, 
C., 16-74 per cent. Cr.), made in 1892, contained 1*20 per cent, of 
silicon, on element which is much used to-day for adding to special 
types of high chromium steel for dies. Whilst the hulk of steels for 
this purpose used to-day contain lower percentages of carbon, yet 
it is interesting to note that a well-known maker of motor ears 
uses a steel containing very high carbon, namely, about 1*50 ^kt 
cent, with 11 to 12 per cent, chromium. 

A modem type of heat- and corrosion-resisting steel used in the 
form of eastings at the present time also contains about 2 per cent, 
of carbon, the chromium in which, however, is considerably higher 
than in Specimen * O,” though if the amount of chromium which 
the author aimed for had been present in this specimen, namely, 
20 per cent., this steel would have been in line with the modern 
product mentioned. 

In 1904 tM O series of chromium steels with chromium increasing 
by steps up to 36 34 per cent., made at the Imphy Steel Works, 
w ere examined by Professor L. G nil lei, principally from the point 
of view of their metallographic constitution and mechanical 
properties. One of the specimens analysed contained 014 C. 
and 13-60 Cr., another 0-88 C. and H-52 Cr., and a third 0 21 C. and 
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22-OG per cent. Cr. These resemble the high chromium steels of 
to-day in their composition. 

Modern Developments. — The subsequent development and per¬ 
fection of rustless chromium steel and the later types of corrosion- 
resisting steels have been the product of many minds and much 
research. 

Friend, Bentley and West in their paper on “ The Corrosion of 
Nickel, Chromium, and Nickel-Chromium Steels,” published in 
May, 1912, appear to have been the first to have published data 
showing thsit chromium steels possessed merits as regards their 
resistance to the ordinary forms of corrosion by air and water as 
distinct from acids. They showed that under alternate wet and 
dry conditions of exposure a 5 30 per cent, chromium steel was 
corroded at only 21 per cent, of the rate of ordinary unalloyed 
steel, practically the same figure being obtained for its corrosion 
in sea water. In tap water the figure was 13 per cent. 

From about 1012 to 1014 Mr. Harry Brearley carried out bis 
well-known experimental and practical work on high chromium 
steels, regarding which Dr. W, II. Hatfield, in a paper on “Stainless 
Steels,” read before the Midland Institute of Mining, Civil and 
Mechanical Engineers, in 1022, stated that “it was in 1912-13 
that Mr. Harry Brearley discovered that the 12 per cent, to 14 per 
cent, chromium steels, when in the hardened condition, resisted 
successfully general atmospheric and many other active influences 
winch lead to corrosion.” This work was further developed bv 
Mr. ±L Brrarky, Messrs. Thomas Firth & Sons, arid Dr. W, H. 
Hatfield, to all of whom special credit is due. Tire Iron and Steel 
Institute, in 1020, fittingly awarded the Bessemer Gold Medal to 
Mr. H. Brearley for his research work. 

Important developments in the production of these steels on a 
large scale have since followed here, in America, and on the Con¬ 
tinent, The work of Mr. F. M. Becket in America in the develop¬ 
ment of chromium steels of specially high percentages, also 
chromium-manganese steels, should be mentioned. 

As regards “ stainless ” steel of the original type, that is, the 
alloy containing 12 to 14 per cent, of chromium, with percentages 
of carbon varying from about O So per cent, up to about O-fl0 per 
cent., also steel containing the same percentage of chromium but 
lower in carbon, 0-10 per cent., and even under, bnth of these 
materials have found an increasing field of use, notwithstanding 
the introduction of the more recent types of nickel-chromium steel. 
While not so generally resistant to corrosion, the lower cost of these 
steels makes them of value in certain special cases. Such steels 
with suitable carbon contents are also specially useful where 
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abrasive action is experienced, as f for example^ in pump rods* and 
in the large and important application for cutlery, since they have 
the capacity' for hardening and tempering not found in the newer 
types of chromium-nickel steel. Also for such classes of chromium 
steel there is the large and important application for cutlery calling 
for materials possessing non-rusting character. 

High CnKGMttm-NiCKEL Steel 

Turning now to high el mm ii urn-nickel steel of varying types 
the development of such steels has arisen out of and been asso¬ 
ciated w-ifch the mnuer oils investigations of the Neo- Metal lurgie 
Co*, Messrs. Monn&rts, Maurer, Strauss, Gruner, Haynes, R rear ley, 
Messrs. Firth-Brown, Dr. W, £L Hatfield, Messrs. Brown Bay ley's 
Steel Works, Ltd., Sir. *L H. G + Mony penny and others. 

Those who art; interested in the history of the development of 
non-rusting steels are referred to two papers by German contri¬ 
butors, one by Dr. Momiartz, which appeared in the German 
publication Metallurgies of March, 101l t and the other by Dr, E, 
Maurer, who contributed n paper of special interest, entitled "The 
Maurer Manganese Steel jti Lhe Development of Non-Rusting 
Steel,” to the Eiseiihuttemlnstitut of the Sachsi&chcn Rcrgaka- 
demie, in August, 1939* These two papers give useful informa¬ 
tion on this important subject* 

Much valuable research work as well as practical applications of 
these classes of steel have also been carried out in Fmoec by 
La Societe Auonyiue de Coni men try Fourchamlmult ct Dccazeville, 
including the important special investigations by Messrs. Dumas, 
Guillaume, ChevCnard and others at the famous Imphy Works uf 
that company. As early as U>G<J four series of nick el* chromium 
steels of high and low carbon, with chromium content up to 
’20 per cent., and nickd up to W per cent., were prepared at these 
works* their metallography constitution and mechanical proj>ertics 
being investigated by M. Guillet* In addi tion to their own previous 
work on chromium-nickel steel the author's firm, La Societe 
Anonyme de Com m entry Fourchambauit et Deeazeville, of France, 
and Messrs. The Midvale Steel Co., of Nicctown, Pa., U£+A n now 
collaborate and unite in developing this and other special alloy 
steels under their group of patents and manufacturing practice. 

It may be interesting to add that one of these types of steel 
known m A*T«Y* (Acier Turbines a Vapeur) is to lie used for the 
complete Kiluding equipment of the turbine engines which are to 
propel the new mammoth French liner S a per JU- dt> France stated 
to have a length of L017 feet with & beam of 115 feet, and a 
designed output of propelling equipment uf USD, 1)00 s.h.p* 

Production in UJfjL —The makers in America have shown great 
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enterprise in the manufacture mid utilisation of these improved 
chromium-nickel steels for nmny purposes. Some Lime ago the 
author obtained important information with regard Lo the magni¬ 
tude of production of these types of steel. In the latest statistics 
available, presented in America by the Iron Age (December, 1029), 
it is stated that in that country the output of open hearth anil 
electric chromium steel in ingots and costings amounted to 
911,700 tons; to this should be added chromium-nickel steel 
201,000 tons, thus a grand total of nearly 000.000 tons of non- 
corroding steels. It will be seen, therefore, that the use of these 
materials is on a most important scale. 

Amongst others, a full account by the author of the history of 
these developments will be found In his introductory address 
entitled M The Corrosion of Steel Alloys,” when presiding at the 
meeting on the 11 Corrosion of Metals ; Ferrous and Nun-Ferrutis,” 
held by the Faraday Society in 1915, and in the discussion which 
then took place; also in Chapter X, of the author’s hook 
Metallurgy and It* Influence on Aloiiern Progress, published in 
1925; and in his article on u Special Steels/' which appeared in 
Pitman’s Engineering Educator for March uiid April, 1927. 

Application of High Chromiu iw-A' iekel Steel . — A more detailed 
description and reference to some of the applications will now )>e 
given. 

The most generally used types of high chromium-nickel steel are 
low in carbon and contain from 15 to 22 per cent, of chromium, 
with 7 to 14 per cent, of nickel. Such alloy's have a specially' wide 
range of resistance to corrosion, and overcome many of the diffi¬ 
culties experienced in the chemical industries. The technique of 
their production has now been fully established, making them 
available in all the various forms required, including castings and 
forgings, rolled sheets and burs, tubes and wire. With suitable 
modification of machining methods they arc also readily machin¬ 
able. In view of the extended use of welded constructions, it is 
dsn satisfactory that each of the several welding methods can be 
applied to these alloys, the process being in all cases of an auto¬ 
genous character. Cold working causes hardening, which can 
lie removed by heating to S50' C\ followed by a quick cooling. 
TJu* softest condition is brought about by a rapid cooling from 
1100 to 1200'' c. The high chromium-nickel steels containing 
from 15 to 20 per cent of chromium with 7 to 10 per cent, of nickel 
are used successfully in a great variety of apparatus for chemical 
manufactures. 

To enumerate the chemical media to which the new types of 
steel are resistant would require mure space than is hare available. 
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their number mo fur {iseartumed being very Iai^c, while it is being 
ail Jed to daily as further experience is obtained. Generally their 
resistance to fermentation products has been demonstrated on a 
practical scale in breweries, and it has been shown that there is no 
trace of corrosion from stale beer or adherence of sedimentary 
matters. Attack dues not occur when exposed to boiling vinegar 
or the vapours therefrom, and their resistance to sieetic acid of all 
strengths and temperatures is a valuable property. Although 
there js Home range of choice among steels which will withstand 
nitric arid provided care is taken in the manufacture, yet those of 
the chromium-nickel type are more reliable than the simple 
chromium steels* Such steels can be made quite resistant to 
liquhl nitric acid or the fumes from it r and are being used in such 
parts as pump rods, impellers and fans. They are also not affected 
by the mixed nitric and sulphuric acid used, for example, in the 
manufacture of explosives. 

Many difficulties and complex problems arise in the manufacture 
of artificial Milk* but alloy steels are available resistant to most of 
the solutions employed in the various processes* 

Non-corroding steels have been employed In the oils and fats 
industry, and there are many directions in which their mo may Ik? 
extended with advantage. In the manufacture of soap or candles 
and the preparation or refining of edible fab* ixith neutral and 
synthetic. 

Fans, tanks, containers and chemical plant generally made from 
these steels possess many advantages in the operations of crystal¬ 
lising various salt?, including, for example, potassium nitrate, 
Glauber's salts, sodium sulphate and sixlium ferrocyanide. 

Notwithstanding the great range of applicability of ehmnilum- 
nickel steels of the type already indicated, there still remain special 
problems of corrosion which they do nut adequately meet. It has 
been necessary, therefore, to develop further and more special types, 
among which material containing small additions of other elements 
such as tungsten, molybdenum and copper may be selected for 
mention, one of the advantages of which is that it is not appre¬ 
ciably attacked by dilute solutions of sulphuric acid. This fact 
makes it specially suitable for use hi the sulphate house of coal 
and coke by-product recovery plants, as* for example, in the 
centrifugal separators or licit driers. 

This steel is further of special utility in the food industries, being 
unaffected by the dilute solutions of phosphoric acid contained in 
chemical foods* Tills characteristic and its resistance to acid 
calcium phosphate, and nearly all the other chemicals employed, 
make it of value in sugar refinery plants, where breakages oc-Cn- 
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sitiiioily occur, owing to the corrosion of unsuitable materials. In 
one particular plant t his high chromium-nickel alloy steel is being 
used for handling the phosphoric add at a concentration of 17 sp F 
gr. at a working temperature of 129° C. t and also for the equipment 
used in the con centra! ion of the dilute acid. 

Many chemical and distillation processes are carried out at 
temperature well above red heat, thus calling for heat-resisting 
characteristics in the structural materials, as well as chemical 
inertia. Some examples of these are given on p. 292, in the 
section on Heat-Resisting Steels, Finally, amongst the applica¬ 
tions of high chromium-nickel steel, present and prospective* may 
he mentioned sheets for the bodywork* shields, and wheel discs of 
motor ears, seamless tubes, wire* drop forgings, arid utensils, 
accessories, and fittings of all descriptions where a high finish and 
resistance to corrosion are required. 

In addition to the various materials already mentioned, there are 
various other alloy steels resistant to special forms and conditions 
of corrosion. 

Specially interesting, and a sign of the times, is the use made of 
non-corrodible steels of these newer types in the preservation of 
St + Paul’s Cathedral* London. 

Tie rods made from ordinary steel or wrought iron would doubt¬ 
less have lasted many years before tlieir eventual destruction by 
corrosion, but the committee responsible for this important work 
did not wish to put any such limitation upon their endeavours, 
specially in view of metallurgical progress, which had indicated 
that corrosion need not lie regarded n_s on inevitable evil. Con¬ 
siderable use has therefore been made of the new steels. The 
reinforcements now consist of tie bars* 3 and 4 inches in diameter, 
of Iiigh chromium-nickel steel having a tenacity of 45 in 59 tons 
per square inch, with east couplers and wall plates of the same 
material* They replace those originally used by Sir Christopher 
Wren, F.R h S, f made from wrought iron. Large applications of 
this steel are taking place in the United States, our own country 
and elsewhere for certain parts of building construction. 

Steels for Steam Turbine Blades and Steam Fittings 

With Lhc ever-increasing demand for higher temperatures and 
pressures in the operation of steam turbines, there Las arisen a 
need for steel which retains not only considerable strength at 
high temperatures but also marked resistance to corrosion and 
considerable hardness to withstand the erosive action of wet 
steam. The degree of resistance to corrosion is a particularly 
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important consideration in marine turbines and in land turbines 
situated near the coast and else where, where suit water may, by 
one means or another, find its way Into the turbine. 

Steels containing 3 to 5 per cent, nickel hare in the past been 
used extensively for the blades of steam turbines, and. in some 
eases, with very satisfactory results. In other cases, particu¬ 
larly in marine turbines, trouble has been experienced due to 
corrosion; this also occurs at the low-pressure end of some 
land turbines, where a certain amount of corrosion takes place. 
Periods of disuse nrc found to result in increased corrosion. 

The use of bronzes of various kinds, while dealing successfully 
to a large extent with the corrosion problem, did not prevent the 
effects of erosion, and these materials arc unsuitable for super¬ 
heated steam. High chromium steel, often calk'd stainless, although 
this term is not strictly correct, has proved of value against 
both erosion and corrosion in many eases, and, in fact, consider' 
able quantities of this steel are being used for turbine blading. 
It does not, however, provide the complete solution desired 
in many instances; where there is any liability to contamina¬ 
tion of the strum it becomes badly corroded. With advancing 
steam temperatures also it has its limitations, and the need for 
heat treatment ami the preparation of a smooth surface are 
disabilities which introduce difficulties in its use in turbine con¬ 
struction, also limiting the constructional processes which can be 
employed, since these must not in any way he allowed to upset the 
heat treatment. 

By the association of Messrs. Com men try-Fi m re ham haul t ct 
Deraze villi and Messrs. Hud fields, also later Messrs. The Midvale 
Steel Company, the steel known as " ATV ” lias been successfully 
developed and is being used on a considerable scale for steam 
turbine blading and fittings. Important experience in large 
installations over several years has proved the special suitability 
of the material for these purposes. 

1 his A t \ typ; of steel is a nickel-chromium alloy of iron 
having a high percentage of nickel, from 30 to 36 per cent., is 
completely non-corrodible under all conditions experienced by 
steam turbine bind jug, and is highly resistant to erosion. Further, 
it netams excellent mechanical properties at the highest steam 
temperatures, as shown by the figures on p, 2!>1. 

Its character remains unaffected tn superheated steam, even at 
600 C. (1,110 F.). In this way it is definitely superior to the 
nickel-copper alloys which suffer intcrcrystal line “breakdown under 
such conditions, « ATV " h also lighter than the nickel-copper 
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alloys, resulting in correspondingly lower centrifugal stresses, 
while its coefficient of expansion of 12-8 millionths per 1° C., txing 
not markedly different fmm that of the ordinary or nickel steel 
used for the rotors, also prevents troubles due to excessive relative 
expansion. 

As the direct outcome of the satisfactory performance of '* ATV ” 
blading in several turbines inst alled in a large Continental generat¬ 
ing station since' 1020 and 1022 respectively, notwithstanding the 
fact that the steam was badly contaminated by salt and thus 
adding to the severity of the test, turbine blades of this alloy steel 
are now being used on a targe scale by British, European and other 
navies. In fact, altogether, turbine plants developing about 
2i million horse power are now equipped with blading of this steel. 

Similar satisfactory results were experienced with ** ATV ” 
blading in n 5Q,(HJ0*KW. turbine in the GenncvLUicrs power station 
near Paris, where the steam at the turbine inlet is at M0 r C. 
(750° F.) and a steam pressure of 255 Jb„, which Imvc led to this 
material being further used in turbines at this and associated 
stations. 

In the 85,000-KW- plant of the Imperial Chemical Industries 
Ltd., at Dillingham, " ATV " steel is employed for the rows of the 
turbine blading subjected to the mast severe conditions, that is at 
the high pressure end of the primary t urbines. These turbines are 
required normally to operate with steam at *>30 lb, per square inch 
gauge and at a temperature of 433 B C. (833° F.J, exhausting at 
a pressure of 275 lb. per square inch gauge. 

Through the kindness of Imperial Chemical Industries Ltd., 
and of the maker* of the turbine plant, Messrs. The Metropolitan 
Vickers Electrical Co. Ltd., the author is able to show a portion 
of this plant in Plates LVI. and LVII. Plate LVI. shows the 
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primary turbine rotor and Plate LVTL fine of the three primary 
turbine*. 

The same type of steel has also proved highly satisfactory not 
only for binding and nozzles but for spindles and scat# nf valves* 
springs and other applications in which highly superheated steam 
h used. 

While engineers have hitherto been inclined to regard 11 ATV " 
steel as an excellent material to be utilised in special cases where 
high steam temperatures, or excessive corrosion or erosion fine 
encountered, it is becoming increasingly clear that it Is also 
economical m more ordinary installations. Even where apparently 
no hotter materials are needed than nickel steel or bronzes, the use 
of u ATV 11 steel is amply justified by the saving resulting from 
the maintenance of efficiency and the avoidance of periodical 
replacement. 

IIbat-Reststikg Steels 

The term iC lieat-rcsUting 11 steels is applied to special steels 
which resist oxidation or scaling and other forms of corrosion at 
high temperatures while also retaining a high degree of mechanical 
strength. There have been marked advances in the production 
and application of these materials during recent years. They have 
proved of great assistance to engineers and oLhers in tmproving 
practice and enhancing efficiency and economy by the use of 
increased temperatures in boiler, furnace and steam work; also 
in regard to the mechanical operation of furnaces, the increased 
robustness resulting from their substitution for refractory materials, 
and so on. These steels are, in general, ferrous alloys with high 
nickel and chromium contents, variable in amount according to the 
uses and properties demanded. The addition of other dements, 
such as silicon and tungsten! in comparatively small proportions, 
has been found bondld&l in special cases. The iron content of 
some of the later products barely exceeds 50 per cent* 

High-chromium steel possesses useful characteristics in regard 
to maintained strength, and scaling to a much less degree Limn 
ordinary steel np to moderately high temperatures* Such steel 
therefore finds useful applications, as in valves for automobiles, 
but these applications arc limited, because the desired qualities 
are not retained far enough to meet the full demands of engineering 
practice. The strength of this steel falls a way rapidly at tempera* 
tunes above G5CT C. s and it practically loses its non-scaling charac¬ 
teristics at 850 C. Consequently, for example, it is unsuitable for 
the valves of high-duty aeroplane engines* or for such articles as 
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the boxes in which steel parts are heated with their carbonising 
mixture for case-hardening, the temperature in this instance 
reaching 1,000’ to 1,100° C. 

The addition of silicon, in amounts up to about 3 per cent., has 
been found to produce a marked improvement in high-chromium 
steel, especially in non-scaling characteristics, and in addition to 
improve its strength to some degree at high temperatures. Beyond, 
however, about BOO® C„ the qualities are still below practical 
requirements in many directions. 

Prolonged research by the author’s firm, Messrs, 11 ad tie Ids 
Ltd., Sheffield, in collaboration with the famous French firm 
Societe Anonymc de Commentiy-Fourchani bauIt el Dceazeville, 
Imphy. and later with the Midvale Steel Co. of U.S.A., has resulted 
in the evolution, amongst others, of the type of high percentage 
nickel-chromium steel known as “ Era/AT V,” which has quite excep¬ 
tional strength and non-scaling properties at high temperatures, 
while still being of reasonable cost. This steel is used at bright 
red heat and under high centrifugal and other stresses in the 
rotors of exhaust gas turbines working at a temperature of 800 to 
930° C, and speed of 80,000 r.p.m., or even 50,000 r,p.m. on test; 
and it has proved itself more than equal to the highest require¬ 
ments yet imposed by the designers on the exhaust valves of motor 
car and aeroplane engines. 

The truth or this claim is amply demonstrated by the fact that 
valves of" Era/AT V ” steel have been used in machines which have 
won for England speed records on land, water and in the air. This 
refers particularly to the Supcrmurinc-Xapier S5, which won the 
Schneider Trophy, at 281 in 1027 ■ to the Uloster-Napier, 

which was entered for the trophy in 1029 ; to Sir Henry Segmve’s 
Golden Arrow and Captain Sir Malcolm Campbell's Bluebird ,• and 
to Sir Henry Segreve’s motor boat A/m England, as weD as to 
Mr. Kaye Don's Silver Mullet, 

Whereas ordinary steel, having a tensile strength of 30-35 tons 
per square inch at normal temperatures, loses four-fifths of this 
tenacity at 800° C., the tensile strength of '* Em/ATV ” steel at this 
temperature is 21} tons per square inch, or more than three times 
that of ordinary sted Fortunately, the properties of maintained 
strength and freedom from scaling at High temperatures are com¬ 
bined with satisfactory qualities of machiimbility and general 
ante 11 ability to manufacturing processes. 

For cases where the conditions of service are not so severe, there 
are various alloy steels not quite equal to " Era/ATV ” in thrir capa¬ 
bilities, but of great merit and somewhat less expensive. The 
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silicon-chromium “ Heda/NS ” steel, for example, is used in many 
high-duty engines, and the production of valves of this type by 
the author’s firm now exceeds out* million. Valves of this steel 
were used in the winning Bentley ear in the race for the Grand 
IVix d' Enduranee at Le Mans in 1927, 192g, 1929 and 1930. 
Another of the Hadfidd heat-resisting steels, “ Era/HH,” was 
employed for the valves of the new Talbot eats finishing third and 
fourth in the Grand Prix, 1930, 

Modern heat-resisting steels enable important advances to be 
made in tlie operation and maintenance of furnaces of nil kinds. 
In the case of mechanically sLiked furnaces on a certain cargo 
vessel, for example, operating with air preheated to 310 3 F., 
component parts of cast iron had to be replaced after every second 
round trip between Canada and this country. After adopting 

Era heat-resisting steel for nil the parts exposed to the most 
severe conditions, the grate was found to lie in perfect condition 
after one year’s continuous service. 

Quite large castings are now being made in this type of heat- 
resisting steel, weighing up to 6 or 8 tons each, or more * Castings of 
this material, 3 inches in thickness, are used as reaction vessels in a 
Bergius eoal-hydrogenation plant. The coal substance is converted 
into an oil having the consistency of tar at a temperature of nearly 
500 ’ C. (930" F.), and a working pressure of upwards of 3,000 lb. per 
square inch. The “ Era/HR ” steel is also used successfully for 
parts of tar distillation plants, including heater tubes for tar stills. 
In one case the pipes exposed to temperatures ranging from 
950-1,250' C. (1,710-2,280' F.) have lasted nearly a year of 
continuous working. 

M ith recuperators built up from castings of beat-resisting steel 
much more efficient heat transfer is accomplished between the 
waste gases mid the air which it is desired to preheat; also such 
castings are, of course, much less fragile than clay tubes. 

While, as in the examples already given, most furnace com¬ 
ponents suitaIile for the adoption of heat-resisting steel lend them¬ 
selves to production in the form of castings—and it is desirable to 
use castings where possible on the score or cost—in other cases it 
is quite possible to manufacture articles In heat-resisting steels in 
the form of forgings, or built up from rolled sheets." Welded 
constructions may also be employed where this Ls desirable. 

High-Speed Tool Steels 

An essential requirement in a high-speed steel is that the metal 
should retain its strength, toughness and hardness at a high tempera- 
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turc. As ii necessary corollary the steel must be self-hardening, 
be., it must harden vbm cooled in air without quenching. Tungsten 
is particularly useful in conferring these properties, and is conse¬ 
quently the alloying element present in greatest quantity in high¬ 
speed steels. 

It is not too much to say that the introduction of high-speed 
tool steels has revolutionised machine-shop practice, and contri¬ 
buted to an essential degree in the evolution of present-day 
civilisation. Whereas cutting tools of ordinary carbon steel 
commence to soften below 200 a C., and are thus res trie ted to light 
cuts and moderate feed, high-speed steel of the most modern type 
retains its strength and hardness at red heat and makes possible 
heavy cuts and rapid feed* 

The first air-hardening tool steel* evolved by Mu she L about 
the year IS68, made possible about 50 per cent, higher cutting 
speeds than could be used with ordinary high-carbon steel. It 
jjpBfl found that by suitable heat treatment the cutting power ui 
the Mushet alloy of modified composition could be greatly increased. 
Experiments led also to the discovery that a superior alloy* more 
easily worked than the original Mushet and capable of about 
four times the cutting speed of the latter, could be made by raising 
the tungsten content, using chromium instead of manganese* and 
reducing the carbon content. A typical high speed steel about 
twenty years ago, therefore, contained t>-6 percent, of carbon, o 12 
per cent, of manganese* O’05 per cent, of silicon, S"44 per cent* ul 
chromium, and 17*25 per cent* of tungsten. Innumerable high¬ 
speed tool steels have since been produced by different workers, 
some containing up to 2 per cent, of vanadium, up to 5 per cent, of 
cobalt, and a small percentage of molybdenum. According to the 
feed, cut and quality of the material worked upon, cutting speeds 
from 250 to 500 feet per minute have been made possible* resulting 
in from ten Lo twenty times the speed of machining attainable 
with carbon-steel tools* As already mentioned, tungsten is the 
principal alloying clement in modern high-speed steels, a typical 
analysis being : carbon* 0 62 percent. * manganese* 010 per cent.; 
silicon* 0*18 per cent.; chromium* 3-75 per cent.; tungsten* 
1G‘5 per cent*; vanadium, 10 per cent. The inclusion of % unadium 
is found to increase the durability of the tool under heavy working 
conditions* and to give an appreciable increase in cutting tlUciency. 

One of the latest and most remarkable developments in tool 
steels is the alloy already mentioned on p* 267, containing no fewer 
than nine elements, namely, iron* carbon, manganese, chromium, 
nickel, tungsten* cohalt, vanadium and molybdenum- This 
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material represents a most important advance because, apart 
from its other applications, it enables manganese steel to be 
machined, thus facilitating the use of this valuable alloy formally 
parts Tvhieh have hitherto been difficult to make. 

Steels foe Armament Purposes 

It is obviously impossible to give precise information concerning 
the composition of steels used for modem armament and ordnance. 
It may, however, be said that alloy steels play a vita] part in all 
the means and instruments of defence and offence. Happily, too, 
the de velopment of alloy steels for the purposes of peace has been 
largely assisted by research and experience in their application to 
war material. 

About forty years ago, at quite an early stage in the author’s 
work upon the alloys of iron and elironiium, some remarkable 
results were obtained with chromium-steel in armour piercing 
projectiles made by his firm. This work was fully described in his 
paper sin Alloys of Iron and Chromium , presented to the Iron and 
Steel Institute in 1892* A (Much projectile of this type was fired 
through a 9-inch compound plate. Being uninjured, it was ground 
up, fired a second time, and again penetrated uninjured another 
9-inch compound plate. Needless to say, these encouraging 
results were a great incentive to further efforts ; specially, too, 
as just previous to that time the British Government had found it 
necessary to procure certain supplies of armour-piercing projectiles 
from abroad. The work thus commenced has been carried on ever 
since with such success that the armour-piercing projectiles now 
made by the author's firm are capable of passing unbroken through 
the thickest armour a float. 

Nickel steels containing 5 per cent, or more nickel and 0-8 to 
Q-4 per cent, carbon are highly resistant to shock, and these alloys 
have been used for the shield plates of field-gum and for other 
purposes where resistance to impact is required. Nickel-chromium 
steel, when suitably treated, develops hardness, toughness and 
strength, thus making it useful for armour plates, but the possi¬ 
bilities in this direction have been surpassed by the penetrative 
powers of the latest armour-piercing projectiles. 

TJiis type of Had Odd armour-piercing projectile of 15-inch or 
Ifbineli calibre is able to pass completely through a Iiard-faced 
armour plate 12 inches 14 inches, or even 10 inches in thickness, not 
merely normally, but with the plat* inclined 15% 20% and even 80% 
and to remain unbroken. In a typical case, the projectile fired at 
a velocity of about 1,750 foot seconds, equivalent to I ? 200 miles 
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per hour, passed through a 12-inch plate in 0*0030 of a second, 
and was recovered unbroken. The amount of energy absorbed 
in accomplishing this task was about £5,(MJ0 foot tons, ami 720 lb., 
or lj cubic feet, of metal had to be displaced in about four- 
thousandths of a second, Plate LVUL shows the result of a proof 
trial of one of these large calibre shells 16 inches in diameter, after 
passing through a hard-faced armour plate 1S| inches in thickness 
and inclined 20°, 

As can be readily imagined, the capabilities of steel and the steel¬ 
maker are taxed to the uttermost in the production of armour- 
piercing projectiles, and, though we all deplore war, it has to be 
admitted that the continual striving for better armaments has at 
any rate contributed greatly to the advancement of the metallurgy 
of steel. 

Special Sthuctuhal and High-Tenacity Steels 

In the space here available it is impossible to do more than 
outline the nature and application of the many special steels 
which have been developed for general engineering and construc¬ 
tional purposes. The complexity of the subject is increased by the 
fact that, in some instances, ternary and quaternary alloys have 
been found must suitable for special purposes. Also, further 
advances arc continually being made, new alloys appearing in almost 
bewildering number. As Faraday truly remarked, there is 11 an 
infinity of different metallic combinations to be made,” and we 
are still far from basing made and examined them all There are, 
however, already special steels available for almost every require¬ 
ment, and the steel user may rest assured that the metallurgists of 
to-day are both willing and able to supply materials specially 
suited to any conditions, however difficult. 

Leaving out of consideration manganese and silicon steels, which 
have already been fully discussed, high-tenacity engineering steels 
arc mainly, but by no means invariably, of the chromium, nickel, 
or nickel-chromium type, sometimes with the addition of other 
dements. 

Nickel steels are particularly valuable fur structural purposes, 
the addition of nickel to carbon steel resulting in an increase of 
strength, ductility and toughness, and a higher ratio of elastic limit 
to ultimate strength, Steels containing from 2 to 4 per cent, of 
nickel and from 0-2 to 0-5 per cent, of carbon are used extensively 
for constructional purposes. Their applications include machine 
and engine parts, seamless tubes for bicycles, etc., the frames of 
large dynamos, gun atid marine forgings, special shafts and 
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axles, and the members of large bridges or other structures in 
which the superior mechanical properties of the alloy steel out¬ 
weigh its higher cost as compared with simple carbon steel. 

Tire addition of chromium, in lire presence of carbon, to steel 
lias the t-lfect of hardening the metal, and reducing the tendency 
to granular structure. In conjunction with nickel or vanadium, 
this element gives alloys which are exceptionally strong and 
resistant to wear, yet can be machined easily. Such steels are 
therefore employed for high-class gearing, the crankshafts of 
internal-combustion engines, and other special parts of machines. 

Where wear and abrasion are the primary considerations, apart 
from manganese steel, ordinary ehn tmiuni steel with a comparatively 
low percentage, I to 2 per cent., of this element has proved itself 
of considerable service in the form of both castings and forgings. 
A lugh-tenacity steel, hard, tough, and resistant to wear, suitable 
for use in the balls, rollers and races of hall and roller bearings, 
contains about O B to I per cent, of carbon and 1-2 to 1-6 per cent, 
of chromium. Its ultimate strength may he as high as |f}0 tons 
per square inch, when the metal is suitably heat-treated, correct 
heat-treatment being essential to the development of the advan¬ 
tageous properties of chromium steels. 

Steels with higher percentages of chromium have remarkable 
powers of resistance to corrosion, us already mentioned on pp. 287 
to 262. The advantages of using non-corrodible steel for 
bridges and other civil-engineering structures is receiving serious 
attention because, apart from the great annual expenditure in 
their maintenance by painting and other means of protection, 
constant arid alert supervision is necessary, al ter a period of years, 
to ensure that corrosion is not undermining the structure at some 
vital point. There can be no doubt that alloy steels will be used 
to an ever-increasing extent in even the heaviest engineering 
constructions, such as bridges, ships, and so on, wherever specially 
difficult requirements of stress, corrosion or other conditions have 
to be met. Considerations of expense and the necessity for pro¬ 
ceeding cautiously with the use of new materials in such large 
structures will make the rate of progress slower than in smaller 
constructions, but developments in this direction have already 
commenced, and they will not cease. Alloy steels, when properly 
selected and properly treated, can be used under abnormally 
difficult conditions with as high, a factor of safety as ordinary roiid 
steel under its usual working conditions. 

The combined effect of nickel and chromium in nickel-chromium 
steels is to produce a material with excellent physical properties. 
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weil suited to a great variety of structural applications. According 
to the conditions to be met, from t-25 to 3*0 per cent, of nickel 
and from 0 6 Lo 1 25 per cent, of chromium are employed, the ratio 
of nickel to chromium being approximately 2| to 1* and the 
percentage of these elements being higher for higher working 
stresses, particularly in regard to dynamic loads. The general 
effect of nickel and chromium when used together is Lo rabe the 
elastic limit of steel and increase its ductility, hardening power, 
:md resistance to wear. Heat treatment is required to develop 
fully the properties of these alloys* and maximum strength com¬ 
bined with satisfactory ductility is obtained in the air‘hardening 
steels which contain more than 5 percent, total of nickel, chromium 
and carbon. The high qualities obtainable in alloys of tills type are 
exemplified by a nickel-chromium steel recently made by the 
author^ firm with the following properties: tenacity, 108 tons 
per square inch ; elastic limit, 90 tons per square inch ; elongation, 
15 per cent, with 51 per cent, reduction of area; bail hardness, 
ITT ; and Fremont shock test, 5 3 kg.-m. with 70-degree angle of 
bend. The high value of the impact test figure is indicative of the 
dynamic strength which makes nickel-chromium steel so useful for 
parts which have to resist shock and live loads, 

Thu comparative cheapness and easy rnaehiliability of nickel- 
chromium steels are strong points in their favour, and these alloys 
are used satisfactorily in automobile construction, for bridge 
girders* and for gearing and other special components, as well as for 
armament purposes* 

The remarkable results obtainable from modern special steels 
are not simply the results of alloying. They represent the combined 
effect of special chemical composition, together with refinements in 
manufacture and treatment reached, in most cases* only after a 
long series of costly experiments. A useful example of this is to be 
found in the results of a series of tests carried out in the Hadfidd 
Research Laboratories on a number of nickel-ehrondutii steels* 
heat-treated to give Brinell bail hardness numbers ranging from 
200 to 600. Throughout this wide range, this improved steel was 
from 100 to 200 per cent, more resistant to impact than material 
coming under the designation of ordinary good quality steel* As 
regards resistance to repeated impact* iiicktLchromium steel con¬ 
taining 0-64 per cent, carbon and 0 08 per cent, sulphur and 
phosphorus together withstood 60,000 blows before fracture; 
whereas a specimen otherwise similar in composition but of the 
improved type of steel, containing only G-037 per cent, of sulphur 
and phosphorus together, withstood 107,000 blows without 
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fracture. The conditions of testing were the frame in both eases, 
and the ball hardness was 600 for both specimens. 

This extraordinary increase in toughness and resistance to shock, 
vibration and fatigue, without any sacrifice of tensile strength, 
represents the outcome of special metallurgical experience extend¬ 
ing over nearly half a century. 

A bar of one of these Had field nickel-chromium steels, 3 \ incises 
iu diameter, having a ball hardness of as high as 110, was bent 
double over a radius of 11 inches without breaking. A tensile test 
taken from an adjacent portion of the same bar gave the following 
results ; yield point, 86 tons per square inch \ maximum stress, 
91 tons per square inch ; elongation, 13 per cent. * reduction in 
lUTii, 47 per cent. This is a remarkable instance of high ductility 
and toughness accompanied by high clastic limit and tenacity. 

The use of molybdenum as an addition to nickel-chromium steel 
has been found to confer further advantages by enabling the same 
degree of toughness to be obtained in parts of comparatively large 
section, as in the smaller sections. Thus in bars of this nickel- 
ehromium-molybdenum steel, 1 inches in diameter, and with a 
Brinell hardness of 330. tensile characteristics are obtainable as 
follows; yield point 60 tons and maximum stress 70 tons per 
square inch, with an elongation of 20 per cent, and reduction of 
area of 60 per cent. These figures are accompanied by an Izod 
impact value as high as 50 ft. lbs. With ordinary nickel-chromium 
steel there is a falling off in toughness in the larger sections as 
compared with the smaller ones. It is an indication of the confi¬ 
dence which may be placed in modern high tenacity steels of this 
type that railway companies, w r hieh have necessarily to proceed 
cautiously p are adopting such material hi the connecting and 
coupling of rods of their latest locomotives* 

There are many other special steels which might be mentioned 
in relation to engineering and constructional applications of all 
kinds, but it Is impossible here to do mote than refer to a few of 
them. 

The addition of 1 or 2 per cent, of manganese increases the 
strength of carbon steel and, in conjunction with appropriate 
heat treatment, gives other desirable properties. The applications 
of these intermediate manganese steels—which must not be con¬ 
fused with the author's manganese steel containing about 13 per 
cent, of manganese—include axles, tyres* shear blades, and other 
parts demanding strength and resistance to shock, 

Sted containing if to 1J per cent, of manganese, with com¬ 
paratively low carbon, bm proved valuable in the manufacture of 
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fbh-t&ii bits used in rotary drilling, also for core barrel cutter heads. 
With such steel a Brinell hardness of 550 to 57*5 is obtained on the 
cutting edge by quenching* nnd t in the products for which this 
hastiness b suitable* the results obtained are much superior to those 
with ordinary carbon steel* Another successful application of 
intermediate manganese steel has been for parts of mining 
machinery and many other engineering purposes since the author 
first introduced it some twenty-five years ago. 

Yet another instance of the value of that remarkable metal 
manganese is to be found in its presence in silieo-mangancse steel* 
This alloy has been shown, by many lengthy and costly researches, 
to offer advantages over other types in its application to the 
manufacture of laminated springs. 

Among other special elements employed as additions to steel, 
mention should be made of molybdenum* vanadium and titanium. 

The use of molybdenum for alloy steels has increased con¬ 
siderably in recent years, as its presence in comparatively small 
amounts is found tn have a beneficial effect upon the properties of 
high tensile nickel-chromium steels and increasing the toughness 
of this steel. It has been found in some cases that with ordinary 
nickel-chromium steel it is not easy to obtain adequate toughness 
jn comparatively large masses, that is comparable with that 
obtained in small bar** Molybdenum also overcomes the diffi¬ 
culty by intensifying the hardening effect on quenching of the 
steel under treatment, its presence enabling the hardness to pene¬ 
trate to a greater depth and thus give greater toughness to the 
steel when tempered. A further advantage obtained from the use 
of molybdenum in nickel chromium steel containing under about 
0-60 per cent, of that element is that its addition avoids to a large 
extent what is known as tL temper brittleness/ 1 that is it prevents 
the occurrence of brittleness found in this steel when cooled slowly 
from the tempering operation after hardening. 

Xickebchromjum-molybdenum steel also has much improved 
strength in the higher range of steam temperatures now employed* 
and is therefore finding an increasing use for such purposes in the 
flange bolts of steam pipe lines. 

When correctly heat treated chromium-molybdenum steel 
develops high mechanical properties* and alloys of this type are 
used for such purposes as the manufacture of aeroplane frames. 
Molybdenum is therefore proving to be a useful dement a* an 
addition to several classes of steel. 

Vanadium is a valuable constituent of the most modern types 
of high speed tool steels* its addition having effected a considerable 


m2 LATER DEVELOPMENTS OF ALLOY STEELS 


improvement over the earlier ordinary tungsten-chromium steels* 
This element is used to a considerable extent in America as an 
addition more specially to chromium steels in their use as high 
tenacity steels : improved toughness is claimed for its use. 

The general effect of vanadium in con junction with proper heat 
treatment is to improve the physical structure of steel and increase 
the resistance of the metal to shock and fatigue. Such alloy steels 
are employed successfully For special shafts* gears, and tools for 
punching, shearing* drawing and other purposes. Cbromiuiu- 
\ anadiuni steel possesses high mechanical strength and resiliency, 
and is capable of withstanding severe shock and impact* It is 
therefore often used for (he frames and axles of motor cars, and 
many similar purposes. 

Titanium, which is also used to a greater extent in America than 
in this country* is stated to he of service in conferring soundness on 
certain types of steels, arid is a iso used as a purifying agent* 

Similar improvements to t hose above mentioned are also claimed 
for the use of zirconium. 

Copper is being used as an addition both to carbon ami alloy 
steels, an interesting Tecent application being in connection with 
the hardening property it confers on steel when subjected to 
tempering. For example a steel containing 010 per cent, carlxm 
and I -DO per cent, copper when suitably tempered may have its 
yield point raised to double its original value. This is further 
proved in an interesting paper on this subject, together with a most 
useful bibliography, recently presented to The Irrm Age (September, 
1A$1) by Mr. H. JL Kimicnr. Consulting Metallurgist, of Marion, 
Ohio, aided by Professor D. J. Demores t, professor of metallurgy 
at the College of Engineering, Ohio State University, Columbus, 
Ohio, with regard lo copper steels. The research deals with n 
range of copper contents from 0-5ft up to 4-98 per cent*, the carbon 
varying from 9-29 to 0-41 per cent. One of the conclusions arrived 
at by the research is that heat treated steel containing l 00 per 
cent, copper combines both high elastic ratio and ductility.* 

Alloy Steels Possessing Special Magnetic Qualities 

Under this heading brief reference may be made to a number 
of interesting alloy steels possessing remarkable magnetic qualities. 
T$> the uninitiated it might appear that such qualities are of no 
great importance, but this is far from iieing the ease. The efficiency 
of modem ignition magnetos depends largely upon the use of 
improved permanent magnets of alloy steel; long-distance tele¬ 
phony owes its present development largely to the availability of 

* A paper of rirnitLir interest Was recently contributed to the Iron and 3td 
by Or, J, Newtnn Friend and Mr. W. West on - The Restrtuu* of Copper- 
Nickel hits. Is to Sea Action ." 1 
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alloys of specially high permeability; and many oilier examples 
could be given. 

One of the most remarkable properties of the Badfidd manganese 
steel is Llmt it is Don-magnetic, although it contains about 8fi to 83 
per cent, of iron. For this reason portions of the structure of war¬ 
ships near the compass position are often made of manganese steel. 

Formerly, permanent magnets were almost invariably made 
from high-enrbon steel containing 1 to 1-5 per cent, of mrixm, but 
during the past twenty to twenty-five years some thousands of 
tons of t lings Leu steel have been used annually for this purpose. 
More recently alloys containing a high percentage of cobalt have 
been largely employed, notwithstanding their higher cost, following 
the discovery by Professor Honda, of Japan* that such material is 
specially suitable for permanent magnets. This cobalt steel has 
also been found superior to tungsten steel as a material for the 
permanent magnets of magnetos and other apparatus subject to 
powerful demagnetising influences. Its coercive force is over 20Q + 
compared with about Til For tungsten steel and 45 for carbon steel, 
whilst the remanent magnetism is similar to that of tungsten steel, 
namely about 10,000, the figure for Carbon steel being about 9,000. 

Reference has already been made to the low hysteresis properties 
and high electrical resistance of the author's silicon steel, and to 
the great savings resulting from the use of this material in trans¬ 
formers and electrical machinery. 

The extraordinary material “ Permalloy/ 1 containing about 
80 per cent, nickel and 20 per cent. iron, has such a remarkably 
high permeability at low inductions that it approaches saturation 
in the earth's magnetic field. 

These few examples of the enormous range and variety of 
magnetic properties obtainable in steel by suitable alloying and 
correct beat treatment find a par id Id in almost every other pro¬ 
perty. Notwithstanding all that has been accomplished in the 
field of alloy steels, there are still innumerable combinations to be 
made, and I here appears to be no limit to the special qualities which 
may lie imparted to steel by alloying, and therefore no limit to the 
further advances which improved materials may bring about in 
engineering, technology and, in fact, in every walk of life. 

Importance of Heat Tbf.atmknt 

The special qualities of almost every alloy steel arc directly 
dependent upon the application of correct heat treatment. If only 
the raw and untreated steel be used or if faulty heat treatment be 
carried out, this inevitably results in a more or less complete 
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sacrifice of the desirable properties of alloy steels, including also 
special and high carbon steels. When it is remembered that a 
difference of only 3* or 4° C, exists between temperatures at which 
carbon steel will or will not harden, it will be appreciated what care 
and skill are required, and bow much depends on the availability 
of reliable pyrometers. 

Long experience and much research have been needed to 
discover the best methods of preparation and heat treatment For 
special steels, and the fact that heat treatment is an essential factor 
in the preparation of alloy steels for service and the remarkable 
results thus obtained have led to an increased appreciation of the 
possibilities of heat treatment in connection with carbon steels. 
The advance in knowledge concerning alloy steels hits reacted, in fact, 
upon the technology of carbon steels, and has led to the discovery 
of the fact that properly treated carbon steels arc comparable with 
some of the more expensive alloy steels in many applications. 

The work of the metallurgist during the past fifty years has 
benefited the engineer by providing not only new alloys, but also 
methods of heat treatment which enormously increase the practical 
value of both alloy steels and simple carbon steels. 

Sheffield and tiif. Rise of Ferrols Metallurgy 

In view of the enormous extent to which the iron and steel 
industry of this country has contributed to our national strength 
and prosperity and, in fact, to the advance of civilisation through¬ 
out the world, it should never be forgotten how many of the most 
important developments in ferrous metallurgy have emanated 
from Sheffield during about the past 120 years. 

Huntsman perfected his invention of crucible cast steel at 
Hands worth, near Sheffield. Faraday sent his alloys to be made 
“ in tiu* large way " at Sanderson’s works. The Sheffield firm of 
Green, Pickslay & Co. used certain of Faraday’s alloys for com¬ 
mercial manufactures, Robert Mushet developed his high-speed 
tool steel in Sheffield, The Bessemer process, which practically 
revolutionised the world, might have come to grief but for the aid 
rendered by certain prominent Sheffield steelmakers. The first 
large application of the Siemens open-hearth furnace was made 
bv the Vickers Co. It was in Sheffield that the author discovered 
and invented the Hud field manganese steel, silicon s led, And other 
alloy stccLs from which such great advances have followed. It was 
in Sheffield that Brearley developed chromium steel as regards its 
stainless qualities. It was Arnold of the Applied Science Depart¬ 
ment of the Sheffield University who helped greatly to develop 
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scientific metallurgy by hU researches and his able methods of 
instruction. Credit for applying the microscope to the examination 
of minerals and extending the same method to the study of metals 
belongs to another citizen of Sheffield, the late Dr, Henry Clifton 
Sorby, F + R.S. So the tale goes on* The names of Brown,, Jt-ssop, 
Camraell, Firths Sanderson* Mappin, Wostertholm* E* Reynolds, 
T* Vickery Wilson, Andre w p Fox. Seebohm, Ho well, Bingham, 
Doncaster, Hall, Alien, Senior, Osborn, Spencer, Stubby Balfour, 
Rodger^ Hoyle, Wardlow, and many others call to mind those who 
laid foundations on which later workers have built much of the 
science of metallurgy, the prosperity of Sheffield and its high 
position in our Empire* 

Much help has been rendered regarding the supply of trained 
metallurgists, engineers also other assistance by the Sheffield 
University, chiefly from the two Faculties, Engineering and 
Metallurgy. in its Department of Applied Science. Interest in 
scientific metallurgy was largely stimulated in Sheffield by the 
series of Lectures delivered at the Firth College in 18&3 by the 
well-known metallurgist the late Professor JJaucrmnm Then 
followed the establishment of the Technical School, including the 
Metallurgical Department. which was under Professor Greenwood 
from IS85 to ISRH. Next to take charge of the Faculty uf 
Metallurgy w&b the Jate Professor A. G. Arnold 1 F.R.S. P to whoso 
life-work full reference lim? already been made ; the next occupant 
being Dr, C- IF Desch, F t R.8, p who has also made many important 
contributions to metallurgical science. 

The Vice-Chancellors of the University of Sheffield, Di\ 
W. M. Hicks. F.R.S., Sir Charles Eliot, Mr*, now the Rt* Hon* 
H. A, L. Fisher, Professor W. Ripper, and Sir Henry Hadow, have 
rendered great sendee in the development of Sheffield *s educational 
facilities, whether literary. scientific or technical* To the new 
Vice-Chancellor, Professor A. ff. Pi ckard-Caml >ridge, every good 
wish is extended by the citizens of Sheffield in the carrying on of 
his important office the object of which is so well summed up in 
the motto of the University, n Rerum cugrwserrc cmusasJ* 

The important part played by Sheffield in the history of metal¬ 
lurgy from the time of Chaucer or earlier, down to the present 
day was fully set forth in the author's address w hen declaring open 
the new Engineering and Metallurgical Laboratories at the twenty- 
first anniversary celebrations of the Sheffield University on July 
2nd, 1U2U. 

As early as 1787 about a dozen Sheffield firms were engaged 
in the converting or cementation process ; also, about fifty makers 
ft*. x 
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«f edge tools, forty of files. 300 of pen, poc ket and table knives, fifty 
of razors, nearly 100 of scissors, and between sixty and seven tv 
engaged in the manufacture of scythes, sickles and shears. Many 
of the names of l lie manufacturers then engaged in the Sheffield 
trades are still household words, and therein lies perhaps one of 
the main reasons fur Sheffield's eminence in metallurgy, that is 
this city has had the advantage of the cumulative skill and experi¬ 
ence of generation after generation of craftsmen. 

In making this statement with reference to Sheffield there is no 
desire to ignore or underrate the valuable work done in other purls 
of our Empirt-, also by the metallurgists of other nationalities, 
including those in France, the United States, Germany, Italy, 
Belgium, and now in l he Far East by Japan. This reference to 
the “ Island Country of the East *' is fully justified and eon firmed 
by the important metallurgical work now carried out there, also 
by the fact that in 1922 Professor Kotaro Hondo, Director of the 
Japanese Institute for Iron, Steel mid other Metals, of Lht Tohoku 
Imperial University, received the blue ribbon of the metallurgical 
world in the award to him by the Iron and Steel Institute of its 
Bessemer Gold Medal. By the numerous metallurgical papers 
issued so freely and liberally by Professor Honda and the Govern¬ 
ment Research Department at Sendai, Japan is fully doing its 
share in helping to advance the world’s knowledge of metallurgy. 
Great credit is also due to tins country fur the striking success of 
the World Engineering Congress held at Tokyo two years ago. 

Tite Field to be Explored 

It cannot be emphasised too strongly that, notwithstanding 
the labours of many hundreds of investigators in various parts of 
the world during the past fifty years, and despite the marvellous 
alioy-steel products already employed in the many phases of our 
present-day civilisation, we are still much nearer the beginning 
than the end of the task of investigation and development. Much 
has been accomplished, but more remains to he done. 

Tn his book MdaUurgy and Its Influence on Modern Progress 
the author gives the following figures, which are still substantially 
true, though a certain number of fresh alloys have since bevil 
investigated. There art some twenty-three elements the effects 
of which have been fairly fully investigated as regards their influence 
on iron m binary alloys, that is, alloys of iron with one other 
element. Confining ourselves to these twenty-three dements alone, 
and actually there are about sixty others, the number of possible 
ternary alloys of two elements with Iron is 253, the number of 
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possible quaternary alloys of tlirce other elements with iron is 
1*771 * The total number of possible ternary and quaternary alloys 
is thus using only the twenty-three elements mentioned* and 

the complete investigation of this held must occupy many years* 
Nor does this exhaust the possibilities of ferrous metallurgy, for 
there are innumerable other combinations awaiting examination* 
Original work in this direction is being steadily carried on by 
metallurgists of all nationalities in such leisure as they can wrest 
from what may be termed routine problems. The latter, in them¬ 
selves, are numerous and complex in a modern steelworks called 
upon to meet requirements of ever-increasing severity. 


Importance of Research 

If there is one outstanding lesson that has been brought out by 
the metallurgical progress of the past half-century it is the import¬ 
ance of continual resenreh. There is little or no possibility of 
predicting results by analogy, interpolation or extrapolation. The 
research laboratories of the author's firm in Sheffield form a 
striking example of the costly and elaborate equipment required* 
and the high degree of training which is necessary in those carrying 
out the operations, in order that the chemical composition* 
mechanical* electrical and other physical properties of steel test 
pieces may be fully determined and correlated, and the best 
methods of dealing with the material ascertained. 

It is not sufficient for the metallurgist to examine fully the pro¬ 
perties of different compositions and then assume that a third -steel, 
of intermediate composition, will have intermediate properties* 
It may have entirely different qualities of the highest industrial 
importance, nr it may be quite useless. The only way to find out is 
to investigate all the properties of each particular steel concerned. 
Even when a steel has been discovered that fulfils necessary" require¬ 
ments it may cost t housands of pounds and need years of work to 
develop methods for making it on a commercial scale. 

To-day, when the unique advantages of manganese steel are so 
fully recognised, and very large quantities of this material are 
used all over the world, it is interesting to recall the fact that its 
remarkable properties involved long and costly research extending 
over several years in order to determine how the alloy could best 
be worked and applied. Also, the extraordinary nature of its 
properties delayed for a time a full appreciation of the purposes to 
which the alloy could be applied. 

The research worker is often faced by omny difficulties after his 
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initial or basic success has been achieved* Sometimes hr produces 
new materials of such remarkable properties that those who ought 
to use them seem to think them '* too good to be t rue M I The 
practical utilisation of more than one special steel has been delayed 
bv this attitude of mind, but the truth is that no reputable steel¬ 
maker would be so foolish as to claim more for his steels than could 
he upheld in sendee. 

Half a century or so ago, when the author began his metallurgical 
career, facilities for research were almost non-existent. Now they 
are to be found on every side, and it is essential that full use 
should be made of them. Further than this, every opportunity 
should be taken of improving and adding to the facilities available. 
The diversity of properties obtained and demanded in the past 
encourages us to hope for even greater variety in future, whilst, on 
the other hand, it emphasises the extreme importance of investigat¬ 
ing as eom pletely as j iossi ble c very known a nd new i ■ mtertaJ. l J n> 
perties which arc of little interest to-day nmy be in urgent demand 
to-morrow, and a great opportunity may lie before the worker who 
can meet new requirements from his existing records. 

Finally, it may be said that to-day there are but few locked-up 
cupboards containing secret information. No one has more freelv 
pill, from time to time before the World, the results of his labours 
than the metallurgist. 


British Piiotomioiographic Apparatus 

Tn view of the great importance of the microscopic examination 
of the structure of steels, the author offered, some time ago, a 
prize for the besL form of photomkrographic apparatus of British 
manufacture, which should embody all that experience had show n 
to he necessary to eatTy out the highest type of metallographic 
research in the most convenient manner. This prize was won by 
Messrs. R. and J, Beck, of London, and the new apparatus 
designed and produced by them, which at their request is known 
as the " Hadtie Id-Bcck “ Metallurgical Microscope and MHnllo- 
graphic Apparatus, is belkved to be in many wavs superior to 
equipments hitherto obtainable. The Hadfield Research Labora¬ 
tory has been equipped for some time with this new apparatus, 
and excellent results are being obtained from it in everyday work, 

Needless to say, the aut hor has not L he slightest financial interest 
in Messrs. Beck’s firm or in the new microscope and met nl log rapine 
apparatus. The matter is mentioned only to show how- important 
it is that each one of us should do everything possible to support 
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home industries* Arising hi the first ins timet from the need of the 
Ffndllcld Research Laboratory for additional equipment, this new 
British metiillographkr outfit, including British-made lenses, lias 
been developed in many ways even superior to anyt hing that can be 
obtained from abroad. There is therefore now no necessity to go 
outside this country, and it is gratifying that several equipments 
have already been ordered by a number of other large linns with 
equally satisfactory results. This is an interesting illustration of 
co-operation between the scientific research worker and the 
manufacturer of apparatus, which before the war was somewhat 
deficient. 

The Future 

It would be difficult to arrive at an accurate estimate of the 
number of workers now engaged on the scientific side of ferrous 
metallurgy, specially as many of those who are adding steadily to 
knowledge and resources in this Held arc normally engaged for 
the greater part of their time in the routine work of supplying the 
world's demand for vast quantities of steels of all types. It is 
Certain* however, that of the 70,00U or more members of the 
principal engineering societies of the British Empire, and the 
:JOO,OOG or m members of the United Engineering Society of the 
United States of America, to say nothing of the tens of thousands 
of members of engineering and allied societies in France, Germany, 
Italy, Belgium, Japan, Russia, and other countries, Lhe great 
majority are more or less directly dependent upon the use of 
various types of ordinary and a hoy steels in their professional 
work. 

Faraday was the pioneer of systematic research in the field of 
alloy steels inure than 110 yeans ago, and hundreds of able and 
experienced investigators now devote their lives to the “ infinity 
of metallic combinations these are his own words—upon which 
he started alone. Truly, he opened a rich but vast and difficult 
field of research. The number of different alloys of steel now used 
commercially is legion, and the total weight of their production 
runs into millions of tons per annum. Nevertheless, the future 
development of alloy steels will undoubtedly be greater than any 
yet realised. Apart from the fact that there must still lie many 
valuable alloys awaiting discovery in the thousands of possible 
combi nations uf different alloying elements, both of the ferrous and 
non-ferrous types, the uses of known alloys will go on increasing 
as engineers and others impose higher and higher requirements in 
the way of strength, lightness, resistance to corrosion, and other 
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special qualities. In this there is no cau^e for despondency ur 
discouragement, but rather for hope and inspiration. The future 
of such steels is of incalculable extent and import 11110% mid no 
doubt Hie younger men will see to it that the position of this 
country in regard to alloy steel development b fully maintained. 


CHAPTER X 


CONCLUSION 

Thf. fascination i#r scientific research work is cumulative in 
effect* In almost every instance the discovery of one fart leads to 
fresh problem*, the scope of the inquiry widens rapidly and the 
results attained are often grenter and more numerous than were 
origin ally anticipated* This has certainly been the ease as regards 
the author 1 !; instigation and research on Faraday’s 4> Steel mid 
Alloys." 

The author was originally led to undertake this research by the 
consideration that chemical analyses, physical mechanical and 
other tests on Faraday 1 's specimens would furnish definite informa¬ 
tion, hitherto lacking, concerning their com posit inn and properties. 
Apart from the general desirability of obtaining the information 
and presenting this publicly* it was felt that amongst others this 
research would 1 h- of s{Rcei]il interest to the Royal Institution, the 
Royal Society, and in connection with the Famdav Centenary 
Exhibition held at Hie Royal Albert Ilall from September :23rd to 
October 3rd, IJfeSI* The seventy-nine specimens of Faraday's 
*' Steel and Alloys M from the Royal Institution, also the further 
batch of ten specimens from the Science Museum described later, 
making eighty-nine in all* were exhibited in one of the sections, 
namely lx E.” sub-section “ E-4, M surrounding the Central Stand 
44 A, 1+ upon which stood the statue of Michael Faraday and his 
personal mementoes. These specimens were actually made in the 
laboratory of the Royal Institution, being kept there for more 
than a century, and it was to that body that Stodart and Faraday 
presented their first paper on alloys of steel in IJViO ; while their 
second paper was presented to the Royal Society in 18SS, Each 
of these bodies has thus n direct connection with the historic 
specimens, and as anticipated the Members and Fellows of each of 
them have shown special interest in the results of the research 
described and presented in this book. As regards the memorable 
Celebrations held from September 21st to £5th in honour of Faraday 
at the Royal Institution, also the great Exhibition id the Royal 
Albert Hall in commemoration of the Centenary of Faraday's 
discovery of the principle of electro-magnetic induction, it seemed 
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specially appropriate that the fullest possible iiiiVirnmtiiHi, including 
the exhibit of the eighty-nine steel specimens themselves, concern- 
ing Faraday^ work on 11 Steel and Alloys, 1,1 should 1>e made 
available alongside the exhibits of Ills electrical* chemical and other 
discoveries and many other exhibits, us well as examples of the 
marvellous and world-wide results that have sprung from them. 

Though the author realised at once the Interest attached In 
detemiming, for the first time, the chemical composition and other 
properties of Faraday's specimens of steel and alloys, he did not 
foresee the full amount of work that would he involved and the 
extent and significance of the information that would be obtained* 
The author felt, however, that the permission granted to him bv 
the Royal Institution to subject; the specimens to the fullest 
possible investigation placed upon him the responsibility to give ax 
complete an account as possible of Faraday s labours Lit this held 
and the results which attended them. The research has been si 
labour id love to all concerned ( and it is hoped that the extent of 
the information thus brought to light will prove to be of consider¬ 
able value and benefit. 

At n very early stage the author realised that the importance of 
Faraday s work in l.hix field of metallurgy hail hitherto been 
under-estimated* and as the research proceeded lie became still more 
st rongly convinced of thus. 

In liis liiatoria cl Origa Calculi Differcntehs (IGTUJ, Leibniz 
says:— 

It is an extremely useful thing to have knowledge of the true 
origins of memorable discoveries, especially those that have been found 
3iot by accident hut bv dint of meditation. It is not so much that there¬ 
by history may attribute to each man his own discoveries and others 
should be encouraged to earn like commendation, ns Hint the arl of 
making discoveries should be extended bv considering note worth v 
examples of itJ* 

These words appear to be specially nppHeable to Faraday’s 

research, also to the present research on his specimens of steel and 
alloys* 

I hi 1 author feels that the time and labour that have teen 
ex pi nded upon the examination of Fsifnilny^ specimens bv 
modern methods of chemical, physical, metallography: and other 
research have been fully justified by the remarkably interesting 
n Milts obtained, and now published for general information. 

A so, he feds that an enquiry of this kind must produce facts of 
present or future scientific value, quite apart from the general 
interest in the elucidation of new information about the materials 
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with which Faraday worked* It h hoped that the results of Lliu 
present investigation may be regarded ns a contribution to the 
history of science and scientific method, and* above id 1* as an 
appropriate and worthy tribute to Faraday's memory and the 
value of his metallurgical work. 

Undoubtedly, Faraday foresaw the possibility of alloy steels 
having specially valuable pro per lies, though neither he nor any¬ 
one else at that time could possibly have imagined the indispensable 
part that such materials would play in the civilisation of to-day* 
Without alloy steel, many of the amenities, conveniences ami even 
necessities of present-day existence w ould be physically impossible. 
The same may he suit! of the services rendered to civilisation by 
electrical engineering, Faraday may truly be said to have un¬ 
barred the gates in both of these fields* It was in 1821 that he 
discovered the principle of the electric motor, and it was another 
ten years before he discovered the equally important principle of 
magnetic electric induction. Also, as Professor Si I van us V . 
Thompson once said; “ Even the keenest of intellects had not in 
1857 grasped the teal significance of the dynamo* in fact it was not 
until 1865—1875 that these principles were made use of practi¬ 
cal I y. 1 ’ This was about half a century after Faraday's disco very 
of 1821* Nevertheless, Faraday is always regarded, and rightly 
so s as the Father of the Electrical Industry, In the same way, 
the author maintains that Faraday may justly be regarded as the 
pioneer of alloy steels, for he was the first to conduct systematic 
researches in this field, and he achieved a remarkable degree of 
success. As shown by the present research* he was, in fact, far in 
advance of his time both in the conception and in the results 
arising out of these researches* 

The engineer may plan and design, the chemist and physicist 
nmy examine and determine the composition and properties, but it 
is largely to those who arc engaged in the study of the science of 
metallurgy with its many branches that the modem world owes its 
progress. Take away ferrous alloys and not only would progress 
lie hindered, but, in many respects, we should be thrown back to 
the conditions of a century ago. While it is true that demand 
generally induces supply—and lack of demand was one of the main 
reasons why there was no immediate and general development of 
Faraday's work on “steel and alloys "—yet the wonderful world 
progress of the past fifty years has undoubtedly been brought 
about by metallurgical developments* largely in the licit! of alloy 
steels* 

In a recent interesting article entitled s * History/' by that able 
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contributor Mr. J. R. Hewdt, appearing in Hit* General Eitrhie 
Ittincvc (U.5.A.), he mates the suggestion that If Faradav arose 
to-day lie would tell us that lie was inspired by Davy, Volta, Gnl- 
Vani, Gilbert, and many others who prepared the way for his own 
great discoveries. Every great name of the past, in the main v:irv 
ing walks of life, that has shone forth as it bright star on a dark night 
to illuminate the vista of the past, has depended upon the dark back¬ 
ground to bring forth its brilliance. If Faraday wire to walk 
through modern electrical factories, lie would marvel more at 
what has been done since Ids day than in his day and before him. 
He would acknowledge that it was thov- who followed and turns b 
the fruits of his discoveries to tile sendee of mankind that have 
made bis name immortal. The lustre of his fame depends on no 
particular date nr event, but on the background and foreground 
that have brought forth his works in high relief, 7 ’ 

So in the lidd of alloys of steel, Faraday’s work stands out 
brightly on the dark background of an almost complete absence "f 
any previous knowledge concerning this subject, Ili> alloys may 
appear humble and Imperfect beside the efforts and productions 
nf to-day, and he would undoubtedly marvel at all that has been 
accomplished since he worked with his little 11 blast furnace,'* but 
let us not forget that in this licit!, too, his fame stands out in high 
relief between the background of the eighteenth century and the 
foreground of the twentieth. 

Long acknowledged as a leading chemist and ns the founder of 
the electrical industry, Faraday is now seen to have been a 
metallurgical investigator of great ability and brilliant inspiration. 
J he author is gratified that he has had the privilege of proving 
this by interpreting evidence provided by Faraday himself and 
held fast Tor more than a century in the heart of a few pounds of 
steel. 


APPENDIX 1 


Seriatim List of Papers, Books and Special Letters chiefly 
he latino to Metallubqical Matters by 

(а) Michael Faraday : 1701 IStiT (76); elected F.R.S., 1834. 

(б) James Stodaht : ITiJO 1823(fi3): elected F.R.S., 1821. 

(r) Fa h a i jay a nil Stooart j ointly. 

The author has been unable to discover any papers by Stodart 
during 1803^1821), that is, between his paper on the Precipitation 
of Platinn and the liret of his two papers jointly with Faraday 
on “ Steel and Alloys.' 1 
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.Yif-mnU of an Experiment \n Tnai- 
tnte the Damascus Sword EQath^ 

Method nf GilililiF! upon HtreJ by 
Imttirrvkin in a Liquid. 
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